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This Linear Integrated Circuit Data Book contains data sheets for one of. 
the largest selections of linear ICs in the industry. Included are devices that 
were developed by the various.Motorola R&D groups, as well as an extensive | 
second-source inventory of the most popular circuits developed elsewhere. 
The data sheets are arranged by product or market category. 

- To provide the user with a quick overview of Motorola’s complete line of . 

standard linear |Cs, a number of selector guides separate the total line into 
market or product divisions. This provides a quick comparison of similar 
devices, spelling out the most signficant differences. Also included are a 
cross-reference table of second-source devices and other product-related 
information. aa . 

The information in this book has been carefully.checked and is believed to 
be reliable; however, no responsibility is assumed for inaccuracies. Further- 
more, this information does not convey to the purchaser of microelectronic 
devices any license under the patent rights of any manufacturer. 


Series B 

©MOTOROLA INC., 1976 - 

Previous. Edition © 1975 
Printed in U.S.A. “AL Rights Reserved”. 


MDTL, MECL, MECL 10,000, MHTL, MRTL, MTTL, 
and Switchmode are trademarks of Motorola Inc. 


CONTENTS 
Page 

CHAPTER 1 — MASTER INDEX AND CROSS-REFERENCE GUIDE . ecu eiee ar gua cec an a 1-1 
Master Index ........... Esk ea It asses whi aang. oac a Bia eat Alacra yr ig terth sas Hates 2s 1-2 
Cross-Reference Guide... 6.0... . eee ee eee eee ee es Che wees 1-9 

CHAPTER 2 — MIL-M-38510 PROGRAM AND CHIP INFORMATION ............. 2-1, 
MIL-M-38510 Program Information ........0.0. 00.2 eee eee tee ees 2-2 
Chip Information «4. 62s<dudaca wd eee se Re As oad ew kee BE ie eee 2-6 

CHAPTER 3 — OPERATIONAL AMPLIFIERS .............000 00s ee ceevecese 84 
Device LIStind cna esac a anne a een aia ee tine aan Sea, ew ake Reale ate gow ad 3-2 
Selection GuIGEs i 6 2 SG a sl SS A he era we ee a ee ae ae 3-3 
Data Sheets (See page 3-2 for page numbers.) ’ 

CHAPTER 4- VOLTAGE REGULATORS. .. ee ee ee ee eae a ee oo | 
Device Listing..........2-02-008- Tear coeur Ae Nog an as Ga ang caus Pandas he Ta ae as, Sale 4-2 
Selection Guide............ was Syslaisai.ce Mapes tate oa BE ae aria ee aatels 4-3 
Data Sheets (See page 4-2 for page numbers.) 

CHAPTER 5 — INTERFACE CIRCUITS. ......... 000000 cece ec eee eee een 5-1 
DEViC@LIStiidig a kduis toads ep eee bes ee Meteed Reo ad . BQ. 
‘Selection Guides: . 

Bus interlace: o 05 vee hea Ce Rene aS Mg atta ab. tye eee parables alana 5-4 
D-A/A:D. CONVGESION: 3 Steen & is See UGS ON Vane wee cae ys GS are 5-8 
Memory Interface ad ee Beak ache leh Hee Be Sere 4 aris Satta fan lac ase teh de ame tees cath 5-9 
Computer and Terminal Interface... ...... 0.0... eee eee ee eee 5-14 
Peripheral Interface. 2... 0. ee ee ee ee ee ree ae ere 5-16 
Numeric Display Interface. ©... 6... eee eee 5-17 | 
Communications Interface (Telephony)........... ee chide oh eens 5-18 
Data Sheets (See page 5-2 for page numbers.) 

CHAPTER 6 — VOLTAGE COMPARATORS. Sed sink Scale Tee Bea ate ew eRe ea 6-1 ~ 
DeViGR isting cc kte kon ule ed is nee abode dae waren eas Wk awe at Ore 
Selection Guide. 35.40. Gag Vee daa ewe es Eee bees Daw eed eae 6-3 
Data Sheets (See page 6-2 for page numbers.) 7 

CHAPTER 7 —~CONSUMER CIRCUITS ............ 0.0.0 ee eee ee ee eee 7-1: 
Device: Risting: cai.5.5 vee aga Cate VAS ae ere ee hale ay Rete Bes 7-2 


Selection Guide DP idl che, Wea det eek e, Bap eoutacde Macnee SOME Decline Werk ae ate ete besaeal ores 7-3 | 
Data Sheets (See page 7-2 for page numbers.) 


CONTENTS (continued) 


Page 
CHAPTER 8 — OTHER LINEAR CIRCUITS.......... 0.00. c eee eee eee eee 8-1 
DeviGe USING: 5.2.4 4.5.2 etiowdaha ewe ae GR het Ham eth on idet ink ee 8-2 
, Selection Guides: : 
High- Frequency Mapes s idene tgae catego hia cae at Sour en Tare aA ne wel Melee: Woe a. 83. 
Special-Purpose Circuits ...........205 000 Creare wre FAP eee eee. 84 
Data Sheets (See page 8-2 for page numbers.) : 

CHAPTER 9 — PACKAGE INFORMATION AND MOUNTING HARDWARE...... tee 91 
Package Dimensionsas:% sia ho as eek Oe wa a ee ae Bk ee ee 9-2 
Mounting Hardware. 2... ce ee ee eee teen eee tees 9-11 


CHAPTER 10 — APPLICATION NOTE ABSTRACTS icciteist oS wee eG tee ey OS 2. 1061 


Device 


Number 


DS3645 
DS3647 
DS3675 
DS3677 
DS8641 
DS36147 


DS36177 © 


LF155 
LF155A 
LF156 
LF156A 
LF157 
LF157A 
LF355 
LF355A 
LF356 
LF356A 
LF357 
LF357A 
LM117 
LM123 
-LM317 
LM323 
MC1302 
MC1303 
MC1306 
MC1310 
MC1312 
MC1314 
MC1315 
MC1323 
Mc1324 
MC1327 


~~ MC1330A 


-MC1331 
Mc1344 
MC1349 
MC1350 
Mc1351 
MCc1352 
MC1355_ 
MC1356 
MC1357 
. MC1358 
-MC1364 
MC1375 
MC1384 
_ MC1385 
MCc1391 
MC1393 
Mc1394 
MC1398 
MC1399 
MC1403 


*. MC1403A: 


-MC1405 
Mc1406 
Mc1408 
MC1410 
Mc1411 
Mc1412 


MASTER INDEX 


Function Page 


Hex Three-State Latch/Driver...........00cceeeeeeeeeeene ees tar et eee 5-19 
Quad Three-Staté MOS Memory !/O Register................000% ea eT eee he re 5-22 
Hex Three-State Latch/Driver...... a hus sngeer Nea wh aonina sate San oleh ae eas glans Sachid aes DOTS 
Quad Three-Stdate MOS Memory I/O Register........... cc ccc cece centre eee en ee 5-22 
Quad Unified Bus Transceiver. ...... 6... cele cc cece eee e eet eens tee eeenes 5-25 » 
Quad Three-State MOS Memory I/O Register. .......... 0. eee eee eee eee 5-22 
Quad Three-State MOS Memory I/O Register............ 0. ccs cece cece eee eeteeeaes 5-22 
Monolithic JFET Operational Amplifier.............. 0.00. ccc cece cece eee eee e eee e eee 3-7 
Monolithic JFET Operational Amplifier.............. Cr ee eee beating eas 3-7 
Monolithic JFET Operational Amplifier........... 6... ceed cece eect eee e beeen eens 3-7 
Monolithic JFET Operational Amplifier................... aia A blals balers Mab Hace sater ara RATES 3-7 
Monolithic JFET Operational Amplifier. .... ib 6 Seg Od hag ay alee eet ens Wis hs eae taidig ada’ 3-7 
Monolithic JFET Operational Amplifier................00c0 ccc e ees ia Rate ncea Sika eee 3-7 
Monolithic JFET Operational Amplifier..........0 0.0.00. ccc cece cc nee tence neeenee 3-7 
Monolithic JFET Operational Amplifier.............5..... Sidseg, 4 beh dead eeM alae Rae Ook 
Monolithic JFET Operational Amplifier............. 0.0... cece eee eee eens fkee aed ehaveat soe 3-7 
Monolithic JFET.Operational Amplifier........... 0.0... ccc c ec e ee cence eee eeeens 3-7 
Monolithic JFET Operational Amplifier......... 2.0... cece cence eee e eens area 3-7 
Monolithic JFET Operational PINGING vsccer synth eee we ewe te ees eka sand.as 3-7 
3-Terminal Adjustable Positive Regulator ................cce eee cues Evignatindaniecane 4-6 
Positive: Voltage: REQUIAION <a 2i.s.5.e shen stiodes sUaer wha duncgs debs 4n Rieu ee Five nate de 4-7 
3-Terminal Adjustable Positive Regulator ........... 0. ccc cece eee 4-6 
Positive Voltage Regulator ........... ccc ee cee cee cee cece eee e eset neeeeeeeeens 4-7 
T-Stage-DiviGet nce vce bic Shea A Ref 5k Tew de Beles BE a Riese ae 8 aes 7-7 
Dual Stereo Preamplifier ..... Fis A ets doalebees Gee tee wae ae anc sect nSs Aonied oe Pena sgt anaes dube cate eng, Be tea 7-9 
1/2-Watt Audio Amplifier ’............:..... Suboweaetusre Gh ate Salo autimie ate kane sok pag 7-13 
FIM Stereo: Demodulator .eie coisas ei eat ge oe ee inde SA aeons emsa.weed 7-18 
Four-Channel SO Decoder «iia. s.cccccans daisies shea eens waa vees ne en wees eae wees S 7-26 
Four-Channel Audio Voltage-Controlled Amplifier Sete asian Seo ese Ariak RG as 8 waa heh ase Eales 7-26 
Four-Channel Audio Logic Circuit 2.6.0.0... cee cece cnc cee teen et en eee eeanes 7-26 
Triple Doubly Balanced Chroma Demodulator ...........0.00cc ccc ce ce ee ea eeueeeens 7-38 
Dual Doubly Balanced Chroma Demodulator ........... 0. cece eee cece enn ees 7-43 
Dual Doubly Balanced Chroma Demodulator ................. Ui ghih aia cate u tuba ae des 7-47 
Low-Level Video Detector. ...... 2... ccc cece cee teen erent e teen beeen enees 7-51 
Low-Level Video Detector.................... Poa glie ae kha te esis d anes Mie a Ue ae Oe 
TV: Signal PrOCOSSOM isc: acc. sve CaR imtn end ete LE SS Abe Mee whieh EAVES wacheiele be wieteioe 7-64 
IF Amplifier....... ee EL ree TEE EAP ORT PO OT POOL ee 7-67 
IF-AMPUON ac. iota cexaa> stale Re nca a bora couse a alae vaca eee: er er PROS ee Lo 2 
PV Sound Clreuit i. iv'cak ceeds devas ceed Oe eae seas fade gale NO awe DG arb WE Aate, Sawa Meas 7-76 
TV Mideo-|FUAMDIIIG! 2.03510 cab bvaan bow wade red ewen s heks Geka da bu eiwelbs ws 7-80 
Limiting: FM AP Amplifier: ss s.0.. ies ooeus eed enn lnd eet head ikea ew eee Saks dat .. 7-85 
EM Detector Aamiter sa, alvae Sau ae vie Saree BAW Cee eRe ataae tence wes dae way aay EO 
IF Amplifier and Quadrature Detector.............. Cae Aaa Gees weet arene MeN ia 7-93 
TV: SOUNG IF -AMBUNGl ok ab vceina bend wants Dies Saeed Case eee a hie aaee ee ks 7-99 
Automatic Frequency Control LGA me Mee eins Pb digse Sa Mate a NM tiereds wkd Fate: aeief ane tite oles cacatins Coe .. 7-104 
FM AUF Circuit .. 0.0.0... cece eee eee eee bid Gaile Pade Oe Mea pied aanata Weace are rata nt a RENE G 7-108 
5-Watt Audio Power Amplifier .......... 000.00 cc cce cece e cece nes dd acd Sipe gs batons 7-112 
Class B Audio Driver ............. Peaeinietastlataler Serie 0 avi ja we ala gf bow ela eareic ee se execs a 7-114 
TV Horizontal Processor ................ ccc cee cece es sia hg es sin Beas dG tha ret a aa We 7-120 
EN Vertical PrOCeSSOM .c:icaictacc sg So hei is oleh a acec a Wlalaiplees oi haierd oo Sea ob De wie od apel a hate 0% 7-125 
TV Horizontal Processor .......... 0.0 bce cece eee eee Newest Sa resid ole arama eae acacasone 7-120 
TV Color Processing Cireuit 5:54 60 scone 4 eho hacen cons wees. iy ave Sends aes PDO 
TV Color Processing Circuit .......... cece ct ee eee cee rece spit ota '3 eee Ete elets 7-134 
Precision Low-Voltage Reference......... 0... ccc cece cece teen cette eenebes Shek 4 49 
Precision Low-Voltage Reference... 0.0.00... ce ccc cece cece cece e teen en eeeentenauees 4-9 
Analog-to-Digital Converter Subsystem .................. tes gis abe Sad Moca t's ovine 5-28 
Six-Bit Multiplying Digital-to-Analog Converter ............ 0. cc cece ccc e ee ne eneenas 5-42 
Eight-Bit Multiplying Digital-to- Analog Converter ............ Sabah Se chagrttauale tara gelaek eke 5-54 
Video Amplifier ............0. 000 c ccc ccc eee ewes bie ee aciasaay Mie hat eet sin Silvera tease 1... 8-6 
Peripheral Driver Array. nc. yrs ies Siw stad sat ek Sa ye ta wey a oe eee es 5-68 
Peripheral Driver Array ........... 0... cc cee eeuee hd oete Pe Coster and Sree ees tee 5-68 


~ MASTER INDEX 


Device 
Number 


MC1413 
MC1414 
MC1416 
MC1420 
MC1422 
MC1430 
MC1431 
-MC1433 
MC1435 
MC1436. 
MC1436C 
MC1437 
MC1438 
MC1439 
MC1440 
Mc1444 
MC1445 
MC1454 
MC1455 
MC1456 
MC1456C 
MC1458 
-MC1458C 
MC1458N 


MC1458S © 


MC1460 
MC1461 
MC1463 
MC1464 
MC1466 
MC1468 
'MC1469 
Mc1472 
MC1488 
-MC1489 
MC1489A 
Mc1494 
MC1495 
MC1496 
MC1503 
MC1503A 
MC1505 
MC1506 
MC1508 - 
MC1510 
MC1514 
Mc1520 
MC1530 
MC1531 
MC1533° 
MC1535 
MC1536 
MC1537 
MC1538 
MC1539 
MC1540 
Mc1544 
MC1545 
Mc1550 
MC1552 
MC1553 
MC1554 
-MC1555 


Function . Page 
Peripheral Driver Array .............. 000 eee eee Ss sietacned: Stele Sat be aaa Seidel dA ole 5-68 
Dual Differential COMB AIALOP seis neta Gin Aces itn eho areas ihe eer ece nee 6-5 
Peripheral’ Driver Asay ‘2:65 s<0 5-5 kee siscere bles Scab 8 vibe 6 le eucitigle eis ae oa Sitaee  Eass 5-68. 
Differential Output Operational Amplifier ..................0005 bad 5 glenda erat ate: 3-12 
Timing Circuit with Adjustable Threshold ....................0.--00-5 Soda Saietgs sabewieata,dine 8-10 
Operational Amputier > n028 eae ee hoses gas wie ieee eee A Ss tetas SESS 3-16 
Operational AMplifien =. eisciev aceon xe Ca ae Ne a Rs 3 Genta ate BD Fae BR TS Har 3-16 © 
Opsrational-Amplitien i253 cr dowhoseeeeaee deeicts Sa Oita Soh teas he athe wie tena eae 3-20 
Dual: Operational Amplifier: .....5 :2css ease ee itiae ya Goh ecb soos easy Se ee een tess 3-25 
High Voltage Operational Amplifier ............ 0.0.2 ccc eee ee eee ne cece teens 3-30 
High Voltage Operational Amplifier .........0.. 0... e ccc cee ene ee te teen eens 3-30 
Dual Operational Amplifier ............ 0.0.0 ccc cee eee tees iS we Ca aah ea eee At sig 3-34 
Power BoOoStel si isi5 5 acne Bie. palette Vel nal ch Waele seb og oo eilda waeelantees Sadaed Be eS 8-17 
High Slew Rate Operational Amplifier ........ 0... ccc ccc ccc eter ee ee eee ence e ne 3-38 
Core-Memory Sense Amplifier........... Wide oudel ane Lear ke aed wee eee ae vier 5-71 
AC-Coupled 4-Channel Sense Amplifier .............. ccc cece cee een e eens 5-74 
Wideband Amplifiers: viscs ie o35 eels eeage Sat eS Ste eee hea gio te Blaha Poa estate Seete ocd 8-23 
1-Watt Power Amplifier ..................0000. Sd oes? LSC ae eae Tk BUS Mee 8-39 
AMINO CIRCUIT te Sonoita tele sata her nat aspecdincdsd ace Cac awels tld a RO LOR a Re 8-43 
High Performance Operational Amplifier bce Giseb Sie tp biG Ma WS GEE i oP SAIL weave henge oa aS 3-46 
High Performance Operational Amplifier ............ 0.0 0c ccc cece ee tee ee eens 3-46 
Dual Operational Amplifier ........ 0.0... cece eee cee teen aes aac Si ng Wig ave ... 3-52 
Dual Operational Amplifier 0.0.0.0... ccc ccc cet ccc ccc e cee tenceetecceuwseesecnes 3-52 
Low Noise Dual Operational Amplifier ........... 0... cc cece eee cee ee ete teens 3-52 
High Slew Rate Dual Operational Amplifier ..........0. 0... 0. e cece ce eee teens -,. 3-57 
Positive Voltage Regulator.............. cece eee eee eeec eee tet e ne eee be ben eenes 4-11 
Positive Voltage Regulator «0.0.0.0... ccc ccc cece tenet nee ee eee benennes 4-11 
Adjustable Negative Voltage Regulator.............. cece cece cence eee e nee eeenees 4-12 
NPN Power Darlington Driver ........... 0... cc cece cc eect eee tenes eee ene eenanes 8-50 
Voltage and Current Regulator ................. deca a SiN A ec Sana saad eeetana haces 22 dee pele 4-28 
Dual + 15-Volt Tracking Regulator ...... 0.0... cc cece eee e eee e eens 4-38 
Adjustable Positive Voltage Regulator ...... i Aas aidan eles Seated avatale dtbLatend Gia" a cavate Sige-ank nea 4-44 
Dual Peripheral Positive NAND Driver ................. seats a tate w plenthttona dear kal aresc Se 5-82 
Quad MDTL Line Driver ..... Mlad teat etats SAG Rcb tape aad we eee area Qeae ere eee aeons eeeasd 5-85 
Quad MDTL Line Receiver 32 sicacwotesia esas Seta memee ay Hea Yee e lente Sea) 5-91 
Quad MDTL Lute RECeiVel ss , .ik ca Korot wean Ode eraewac eh ae baal ahd wie ese aed 5-91 
Four-Quadrant Multiplier ...... 0... 0. ccc ccc cee eee nce eet e eee tenn eet ee ee ees 8-61 
Four-Quadrant Multiplier .........0.0... cece ccc eee cece ete e nee en ete teneenenes 8-75 
Balanced Modulator-Demodulator ............. 0c cece cece eee een e tienen eeenas 8-91 
Precision Low-Voltage Reference. ........ 0... ccc cece eect eee e nena nee e ee enene 4-9 
Precision Low-Voltage Reference............ 6c. cece ccc eee eee eeners ES Baia gag ye 4-9 
Analog-to-Digital Converter Subsystem ......... 6. cece cece eee teen eee ete eeees 5-28 
Six-Bit Multiplying Digital-to-Analog Converter................ 0. eee eeee ahead hrs ta heey 5-42 
Eight-Bit Multiplying Digital-to-Analog Converter ......... 0.0... 0. ccc eee eee ee eens 5-54 
Video AMplHiOr 32.6050 ide ides evidence Me eld Oe re eee a eee 8-6 
Dual Differential Comparator......... 0c. ccc ce ccc cette crete neat et eenteceees BG 
Differential Output Operational Amplifier .........0...0.. 0c ccc eee cee cee nee eaes 3-12 
Operational Amplifier ............. cece cece ec eee eee eect ne tet ee een arent cneneees 3-16 
Operational AMplitiet.iic.ccscugee sc siccce alles dpeal Oe geen a la a eiace tebe nh eed Mees ain ee Aes 3-16 
Operational Amplifier ............ so dsda B65) Sak So ta SEE A Win BOATS lalate Retain wisi ake Shite 3-20 
Dual Operational Amplifier 0.0.0.0... 0. ccc ccc cece cece eee ete eee neceennes 3-25 
High Voltage Operational Amplifier ............. 0.0. e cece eee eee e teen ence aees 3-30 
Dual Operational Amplifier .......0.. 0... ccc cece cee cence teen ete een eeenes 3-34 
Powel BOoSteh concnpcewacews eden vetoes arms dune ieee aiid angongawen go ea meta 8-17. 
High Slew Rate Operational Amplifier .................... Lidia WG boaieia wetcele Nia wnath ES 3-38 
Core-Memory Sense Amplifier ......... eer Te reer a ae eee tei es Ui g EEe 5 5-71 
AC-Coupled 4-Channel Sense Amplifier ... 02.0.0... 0c cece cece teen ees 5-74 
Wideband Amplifier ............. ren er ree. Seleahas @mneee A gilts Catae 2... 8-23 
ORF-IF Amplifier ................. 00 e ee eee ios a Bo dinbr saciid es Vhs tod ont 8 sal gta hee 8-29 
Video Amplifier ...................00055 Vi kvarde date etecd as iden Ba je stare taecetand gb ace a 8-35 
s Video Amplifier: cs c2asus2e ase taiidacsus ccetaentedetes owes S basa tien veces aes 8-35 
T-Watt Power AmplWien i iiscgcto% Gossied tO. G ake Blan eWay Tes ea sam sen nae yeaa ae 8-39 
Timing Circuit  s4.0k 3 bhai eeeecce dwn os Sine pf Waree aceasta ere nathan Sen dial Sones ¢ 8-43 


MASTER INDEX 


Device — 
-- Number 
MC1556 
_MC1558 
MC1558N 
Mct1558S 
MC1560 
MC1561 
MC1563. 
MC1566 
~.MC1568 


~ MC1569 


MC1590 
MC1594 
MC1595 
MC1596 
MC1709 
MC1709A 
MC1709C 
MC1710 
MC1710C 
MCc1711 
MC1711C 
MCc1712 
MC1712C 
MCc1723 
MC1723C 
MC1733 
Mc1733C 
Mc1741 
MC1741C 
MC1741N 
MC1741NC 
-MC1741S 
MC1741SC 
MC1747 
MCc1747C 
MC1748 | 
MC1748C 
MC1776 
MC1776C 
~ MC26S10 
MC26S11 
MC3232A 
MC3245 
MC3301 
MC3302 
MC3303 
MC3310 
MC3315 
MC3316 
-MC3317 
Mc3320 
MC3321 
MC3325. 
MC3330 
MC3333 - 
MC3340 
MC3344 
MC3346 
MC3358 
MC3360 
MC3370 
Mc3380 
MC3386 - 


Function | ; : Page 
High Performance Operational DAN PUNOL :- 2.50 ees 5h 0ariae toes bane od ep iaiuctile nari one 3-46 
Dual Operational Amplifier 0 ...........ccccce cue e eens ly teatied, RONa e Me aac dl 3-52 
Low Noise Dual Operational Amplifier ...................000805 Tig ial pe Ciateie are bei 3-52 

_ High Slew Rate Dual Operational Amplifier .................... desea: Peery rare Sete 3-57 
Positive Voltage Regulator ............. cece cece e cece eee e teen ee eee Page AN aale ae 4-11 

* Positive Voltage Regulator ........... 0... cece cece eee ete eee eeeees eee errs Cx 
Adjustable Negative Voltage Regulator............ 0... ccc eee ce cee eee P ierie ade chalen onde 4-12 
Voltage and Current Regulator ........... 0... ccc cece cee cette eet eeeeeeees ea ates 4-28 
Dual + 15-Volt Tracking Regulator ........ 0.05. c cece cece ence nett eee ees neue sean ae 4-38 
Adjustable Positive Voltage Regulator .......... 0... cece eee eee Guns ewed ra 4-44 
Wideband Amplifier with AGC ......... tessa She ince har eat aati: woe en Der aunctsth 8-52 
Four-Quadrant Multiplier .............. 0. cece eee eee Merete eel os sae ip neeeiseeieeeney on dots 8-61. 
Four-Quadrant Multiplier .................... lg esas ecdeaa we tak cucraouneates 8-75 — 
Balanced Modulator-Demodulator ............ 0... cece eee eee eens «ead RS ae ty Ciaceeae 8-91 
General Purpose Operational Amplifier ....... 0.0.0... ccc cece ccc cece eee eect ee enee 3-63 
General Purpose Operational Amplifier ......... 0.0... c cect e eee eee eee nee 3-63 

’ General Purpose Operational Amplifier ............. 0... cece eee eee Sess ea aca dapht 3-63 
Differential Comparator........ Sng ecb wig See aS Gaia Seba a laeede chase See ie eae et ea atone rae 6-9 
Differential Comparator..................-. E relMevaata we atewtaran ta Saab a a eale Sead No aie ats 6-9 
Dual Differential Comparator..... Shien Wueinh s sanch Pinaneaal ape Raa S a ae eedears Saceacss 6-13 
Dual Differential Comparator.............. 0. cece eee eee ee a reer 6-13 
Wideband DC Amplifier................ Poe pate an aia tataarh etna) Match SA ACs wd ths , 3-67 
Wideband DC Amplifier................ 2... cee cee ee eeteetsa evden, Batra AG Eciele tani 3-67 
Adjustable Positive or Negative Voltage Regulator ............. 0... cece eee eae »+ ++ 4-63 
Adjustabie Positive or Negative Voltage Regulator ........... 0... cece eee e eee eee eee 4-63 
Differential Video Amplifier ............00.ccccccceccccceccseeeeteceesseestereere 8-101 
Differential Video Amplifier ........... bee dati fa ahcceie aan. a Saison breve Online Oe Si helen dneaas 8-101 
General Purpose Operational Amplifier .......... 2... cece cece eee nt eee ete eens 3-72 
General Purpose Operational Amplifier ...............0. 00 eee cee des heote dxGeraite ad 3-72 
Low Noise Operational Amplifier .................020005 es aint asters aaa emt, 3-72. 
Low Noise Operational Amplifier ........... 0... cece cece cee eee eee enter eteeaes 3-72 

' High-Slew-Rate Operational Amplifier ..........0. 2... 0c. ccc cece cece tee eee eee 3-77 
High-Slew-Rate Operational Amplifier ............. (AG Gee awd Date sne wee aT 
Dual MC1741 Operational Amplifier................ Me Eh dh bione ste wteg tai sey oa nagar Oe 
‘Dual MC1741C Operational Amplifier -........0.0. 6.0... c cece eee cee e een eee enees 3-83 
General Purpose Operational Amplifier ............ 00. cece ccc ee cee eee cece et aeees 3-87 
General Purpose Operational Amplifier ........0 0.0... 0... ccc e beeen eens ree 3-87 
Programmable Operational Amplifier ......... 0.0... ccc ccc ee cee cece cence eeeenes 3-91 
Programmable Operational Amplifier ’.............. Bh dice wa ace Os eg nh Ses econ 3-91 
(See XC26S10) Quad Open-Collector Bus Transceiver ................. PRUE sto Manet 5-97 
(See XC26S11) Quad Open-Collector Bus Transceiver ............. cece cee ee eneees 5-97 
Memory Address Multiplexer and Refresh Address Counter le ae calretinin ets 5-100 
Quad TTL-to-MOS Driver ...... 0.0... ccc cece ce cee cere cence nent ene e bene e teens 5-104. 
Quad Operational Amplifier...... BS Aesigeace elbis ah dd ght a MaN Pea ete Le be Mee wig arte atone 3-100 
Quad ‘Compan ato is sci ssi28: cca seo. Seis Sas acdie sone wisiahe DAL} wade oe ORM RINE AG SRA oe DOR HER 6-17 
Quad Differential Input Operational eunpliies sssdveleceaii tech acua vhs Siew eae: ... 3-116 
Wide-Band Amplifier ......... 0. ccc cece cece eee eee e neta AS ausiuaaw wore teste nade 7-139 
(See XC3315) Frequency-to-Voltage Converter ...... ade vane walters sie Licuis, hot Big ae 7-143 
(See XC3316) Dual Frequency-to-Voltage Converter ............. cece eee eee eee 7-149 - 
(See XC3317) Dual Frequency-to-Voltage Converter ....... 0.0... cece eee eee eee 7-149 
Class B Audio Driver. fca3 cos. vicica was e Maks e's higg aS Ce aeeus lied G44 LEaG PNT w EES 7-156 
Class B Audio Driver .............. a aatdetcice Dad gh Se Meee wid sa eee ee 7-156 
Automotive Voltage Regulator...... sey eatcnaiakou ato te® Gath tibet we ttara ee ert ee 2. 7-160 © 
Differential/Cascade Amplifier ......0.... 0. ccc cece eee eens fo ithe ws eRe NAGA ees 7-164 
Vari-Dwell Ignition ........ 2... ccc cece cece eee cnet Sie wie vate ihoeats oes pica eames Gat 7-166 
Electronic Attenuator i025 occas oi Ss ees cS e eee esh bl dbe eats eka geet n pea 169 
Programmable Frequency Switch.......... 0.0 cece cece cence ee eee e eect eeeeneeees 8-109 

_ General-Purpose Transistor Array............- Seagal Os See giallbng 0, aiiatilly, a ebiathe anes Sea aira cece 7-172 
Dual Low Power Operational Amplifier ........... 0... cece cece e cece eee e een ees 3-122 
1/4-Watt Audio Amplifier .............5-...006. dap wad snios ited Cae Mimaaauigi alls 7-175 | 
Zero Voltage Switch .............0. cee eee seceR eta ny ae Press ree Dee ee ..8-114 
Emitter Coupled Astable Multivibrator ....... Suc Ae ewe we ei ee paaeee aay 7-178 
General-Purpose Transistor Array.......... Dhawan ses idsiees wala gyeia sae re ee! 
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Phase-Locked Loop Frequency Synthesizer for CB Radio ............ Ee eeleeots 7-184 
Remote Controller and Display Driver for CB Radio ................ cece ee ee eeeees 7-185 
Quad Operational Amplifier ...... 0.0.0.0... cc cece eens Sarason eicitiy toe Dae a te 3-108 - 
Quad Differential Input Operational Amplifier ........ De eats eh ale BT raw a ge De Gaye ee 3-116 
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Eight-Bit Multiplying Digital-to-Analog Converter ............. cece tee eee e eens 5-107 
Ten-Bit D-to-A Converter ...... 0... 0c ccc ce cette ence eees eee anaes Biswas ae 5-113 
Ten-Bit D-to-A Converter ...... 0... ccc cece cece eee eeees bg ica hii Se eae eae 5-113 
(See XC3411) Dual Voltage Comparator ........ cece cece eee eee e eee ee eens 6-21 
CrOSSOOINT SWIRCN ova fas sars oe i Seis vas dawn nee ue Ie CG Meee Mie Een 5-125 
‘Continuously Variable Slope Delta Modulator/Demodulator ...............00eeeees 5-134 
Continuously Variable Slope Delta Modulator/Demodulator -..............0e eee eee 5-134 
Switchmode Regulator Control CHCUIT wine taatn2e wate ase xate Wiis Che aasnde we gre dates 4-69 
Current LiImitel <ick esas c Tiss ed saew dete wes 8 seasas pea wade edaw wun tha eaaeg Bae 4-74 
Overvoltage Sensing Circuit ....... 0... ccc ccc eee enter eet nn te ene eeneees 8-123 
Ground Fault Interrupter............... ccc eee eee stride diiron a. éeebibie we uadosealuce apse 2 acs 8-127 
High-Speed Quad Comparator ....... 0... cc cece cee cette eee t cent teat eeeen +... 6-23 
High-Speed Quad Comparator ........... ccc c ccc eect e eet e eee n eee eeees 6-23 
High-Speed Quad Comparator .:......... ccc ccc cence cee eee te tenceeeteeees O23 
High-Speed Quad Comparator ......... 0.0... cece cece cece eae wbitieiee eames As 6-23 
Hex Unified Bus Rec@iver......... 2... cece cee ene ee cence been etn e eee eenees 5-142 
Quad Unified Bus Transceiver. .... 0.0.0 ccc cet ete e eee te tence e nee D145 
Quad Interface Bus Transceiver .......... cece ccc cece eee eee eee teeneeenenas 5-148 
Quad Interface Bus Transceiver...:..........- cece eee e cence aes Nesta tar caw atee wate one 5-148 
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Quad: Line: RECeIVER . i660 en gees at ek es ed dg were Ree wed Pi esas Becleas 5-159 
Quad Line Driver......... 0... cece cee cee ee eens rast Attias Seek b dich we oir ee 5-166 © 
Dual Timing: Citcuit0c2 ccs cscGa cls eeend eae ek acest Ok Bie Be ead aie eed eats ,. 8-134 » 
Dual Low Power Operational Amplifier’ Patedaeneiee estates Land slenaehacens ene eee 3-122 
‘ Quad NMOS Memory Driver ..............0000005 Dechidin Was Pear E aiad aur ae ald alee tay oaceies 5-170 
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Triple: Preamplifier <i. vn ee a ok aid Se bee Uw A eh Bee degen deh 04 Worn MERE Ce 6 5-193 
Magnetic Read Amplifier ............... ccc ccc ccc cece eee e cent eteneeetenees 5-198 
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8-Segment Visual Display Driver ...................04. Fs cawacan Win buesdia ali, cioa)a:koua tera dcabsdssons 5-230 
Seven Digit Gas Discharge Display Driver......... 0... cc cece eee eee eee eee eens 5-224 
Quad Differential Input Operational Amplifier .............0. 0.00. cece eee eee eens 3-116 
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_ Dual High Frequency Operational Amplifier ................. Sard toe eS ia as Gta oS ehaGad tsetse 3-138 
Dual High Frequency Operational Amplifier ..-:........... 0.00 cece cece ees ree 3-138 
Quad MC1741 Operational Amplifier :... . tee allude deccualetuceeteSats btites Nessie inlas ah sede tea es 4. 3-140 - 
Quad MC1741 Operational Amplifier ...................045 videolar id ia teeratelet ante Biss 3-140 
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Dual High-Speed Sense Amplifier with Preamplifier Test Points ................... 5-255 
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Dual Sense Amplifier with Inverted Outputs ............... cece eee eee eee eee eee 5-258 
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Sense Amplifier with Preamplifier Test Points. .............0. cee cee eee ee cee nee 5-260 
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Quad Three-State Bus Transceiver ......... 00... cece cece cent ene en eeeeeee ....5-238 
Triple Bidirectional Bus Switch.......... 0... ccc cece eee cece renner nee nee eee enas 5-243 
Hex Three-State Buffer/inverter 20.0.0... 0. cece cece cee cece e tenet eee tee teens 5-245 
Hex Three-State Buffer/Inverter .......... 0. cece eee cece eect ee ee eee eeenes 5-245 
Hex Three-State Buffer/Inverter .......... ccc eee eee eee Cate Ri eels Bats 5-245 
Hex Three-State Buffer/Inverter ........ 0. cece cece cece renee cnet eee e eens 5-245 
Non-Inverting Bus Transceiver .......... 0.00 eee e cence eee eee behddaes ak picaaees 5-250 
Dual Sense Amplitiet’ 545s scce nei ees vabies eo Sah meeting exes aw See Cred reer are 5-252 
Dital Sense: Am piitien vc csices ct sen brad eats baie he eee wea he mea ee Saws 5-252 
Dual High-Speed Sense Amplifier with Preamplifier Test Points .............55500. 5-255 
Dual High-Speed Sense Amplifier with Preamplifier Test Points cc ote eas ...5-255 
Dual Sense Amplifier with Inverted Outputs .......... 0... cece cece eee e ee enes 5-258 
Dual Sense Amplifier with Inverted Outputs .................0505, Gee Pecos ate ntis 5-258 
Sense Amplifier with Preamplifier Test Points ............ 0... cece cece eee eens 5-260 
Sense Amplifier with Preamplifier Test Points .............. cece cece teen eee e eens 5-260 
Positive Voltage Regulator (750mA) ....... Ses ere Panera oe eae oe eer ere 4-76 
Positive Voltage Regulator (750mA) ..................005 Hinde rPuute Bealotacera ye ania aa ae 4-76 
Positive Voltage Regulator (75OMA) .......... 6 cece cc eee eee eee e teen e eee eee nnn s AIG 
Positive Voltage Regulator (750mA) ......... PMiuseiehpyehe sande mee me taste eadads 4-76 
Positive Voltage Regulator (75OMA) .......... 0. cee cee eee eee Sh dasew done aadies 4-76 
Positive Voltage Regulator (750MA) ....... 5... cece cece ence ee eee ene eeeees 4-76 
Positive Voltage Regulator (750MA) ........... 2. cece cece eee e eee Bhd ee eS yeah 4-76 . 
Positive Voltage Regulator (750mA) ...............6. agen Banna tae Rae a alabama es 4-76 
Positive Voltage Regulator (1.5A).......... 0. cece eee eee ee eee eee eee eee eee 4-84 
‘Positive Voltage Regulator (1.5A)........ cc cece cece cece ence renee nett eee ene n eee 4-84 
- Positive Voltage Regulator (1.5A)..... a Sala VE RNR Con ate Ae react reece ob den BG Aes reer 4-84 
Positive Voltage Regulator (1.5A)...... awends i's BANE OTA, set Bala e Satbiete Blegiaders awn ans 4-84 
Positive Voltage Regulator (1.5A)................. heats leta Dh Leia enact rate se eter taser at 4-84 
Positive Voltage Regulator (1.5A)............... BS heen ool bib Sanda Nie Wea twae DN shale ate Ta 4-84 
Positive Voltage Regulator (1.5A)...............- seer eee eee ewe eee eee ee 4-84 
Positive Voltage Regulator (1OOMA) ....... 0... cece cece cece eee eee eee 4-92 
Positive Voltage Regulator (100MmA) ............ cece cece eee eee eee een e ne eeee 4-92 
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Positive Voltage Regulator (100mA) ..................- 2. eee Sgn gaia ebeyei dgansualevenee 2. 4-92 
Positive Voltage Regulator (1OOMA) .........-.- sce eee eee eee e nee n ee eee 4-92 
Positive Voltage Regulator (100mA) ....... Ba ated Oa Nee as os Eh eaihdee Ua age ena Baveew sgn S 4-92 
Positive Voltage Regulator (100MA) ............ cece cc ccc eee eee eee nese eeeees 4-92 
Positive Voltage Regulator (LOOMA) ......... 0. cece cee cece eee eee teen eee e ee eees 4-92 
Positive Voltage Regulator (1O00MA) ......... 0... cece cee eee eee  galelaceacieavareios f..4-92 
Positive Voltage Regulator (TOOMA) ......... 0... cc ccc eee ee eee e ene e eens 4-92 
Positive Voitage Regulator (1O0OMA) .. 00... 6... cece cee cee eee ee ete e een enes 4-92 
Positive Voltage Regulator (500MA) .............. cece eee e eee e ene e enone 1... 4-99 
Positive Voltage Regulator (500MA) ......0......... ce cece eee Serre Bea lh aie eo acasy +. 4-99 
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Positive Voltage Regulator (500mA) ...........- bidustarel i ezexdlevetereead anda sa NGM ae aethe wade 4-99 - 
Positive Voltage Regulator (500MA) ............. 0. cece eee cence La nated cau 4-99 
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Negative Voltage Regulator (1.5A)...................... Coveted ae acseeed antenaas 4-107 
Negative Voltage Regulator (1.5A) ......... 0. . cece cece eee ee eee eee es Song atiey habe <4 4-107 
Negative Voltage Regulator (1.5A)......... 0... c ccc cece cece e ence teen ee een eee 4-107 
Negative Voltage Regulator (1.5A)........... 0. sce ce cece ete e eee e eee e erence er 4-107 
_ Negative Voltage Regulator (100MA) ........... ccc cece cee cece renee eeaenes 4-116 
Negative Voltage Regulator (1O0O0MA) ............ 0c cece eee cee eee enter eee enenees 4-116 
Negative Voltage Regulator (TOOMA) .............. cece eee nes Sg isd acaowie. bb eidrerwde ears 4-116 
Negative Voltage Regulator (100MA) .......... 0... cece eee e cee einer eee e eee ees 4-116 
' Negative Voltage Regulator (1OOMA) .............. cc cece eee eee ee eaee boon ees 4-116 
Negative Voltage Regulator (100mA) .............. ON ELA RAR nba oan aie oe 4-116 
Negative Voltage Regulator (1OOMA) . 20.2... 2... ee ccc eee eee cee eee nee 4.004116 
Negative Voltage Regulator (10O0MmA) ......... 0... cee cece cece eect eee erences 4-116 
Negative Voltage Regulator (100mA) ...................5 | OSS Menem chases aw ua 4-116 
Negative Voltage Regulator (1OOMA) ......... 0... cece cee eee eee e rece eeneee 4-116 
Negative Voltage Regulator (1OOMA) ............. cece cece eee nee eee ee eenees 4-116 
* Negative Voltage Regulator (100MA) ........... cece cece eee cece nett eee e neces 4-116 
Dual Line Driver ................ Sela NES Sea ecg arate soe Wabi a wt Sale to , 5-262 
Triple Line Receiver ................... feed rerire Gisrand cae. oan We Gow Soe ap wi his MMT ig ea alee 5-265 
Dual Cine Driver: coi ds is lence Sabana eels + wed etna eae ied we alee alee aisle ater aay 5-262 
Triple Line Receiver ....... S diauete ob GMed ale aleve Oe ate alescotels MeO Pea eGa te wula eA «eaters 5-265 
Quad Bus Transceiver/MPU Bus Extender .......... gua oat Bes shige iw tances 5-238 
Non-Inverting Bus Transceiver ........ 0... cee ccc tee ence eee e eee eee ees 5-250 
Hex Three-State Buffer/Inverter 2.0.0... ccc eee eee eee ees She Gare tssrs 5-245 
Hex Three-State Buffer/Inverter .....0...... ccc ccc ccc cee eee ence weet eneeeees we 5-245 
Hex Three-State Buffer/Inverter ..... 0.0... ccc cece cee e cence ene eneenees Sate cls 5-245 
Hex Three-State Buffer/Inverter 2.0.0.0... ccc cece cece eee e tect e tne e ene eeeneenns 5-245 
Dual Line Receiver........... aoaearie wean wesw da¥. oe Valse dace le aneen owies aiece 5-269 
Dual Line Receiver ....................000- Tl i ae Od gs Soar el, ne ee Rae 5-269 
Dual: Memory Drivelsé i. ocr6 indi scab ean e 0 o0 Ue Seung’) Ja wba eee a eee 5-285 
Dual Line Receiver -...... 5... sce e cece eee p ene esees AG peieele Bisnis SS hentia Madi eaten 5-269 
Dual bine Receiver ..oo3i165..50is soe Secs ae n st ea hi eee ads ie tn oeeuse es 5-269 
Dual Line Driver ............. Sa end a ema hte Oe a anie diana cane ints etal oe Exile 5-274 
Dual Line Receiver ................0.. Sth eestiow waechel own daw ead Kudu ia eae he 5-281 
Dual Memory Driver... . 00.0... ccc cee cee cece eect eee eee e teense ee eens 5-285 
Dual MECL=t0- MOS: Diet sis catcig ls tenes yood Cleese ede iawn eee ee hee 5-299 
Quad MOS Clock Driver ........... 0... eee c eee eee eens Rican Yield Mell a/alstenenetes 1... 5-291 
Dual MECL-to-MOS Driver... .. 0... ccc ccc ccc ee eee eee eee e enone eeeneees 5-299 
Dual Peripheral Driver, Positive AND .............. cc ccc cece teen eee aes 5-306 
_ Dual Peripheral Driver, Positive AND .......... 0... ccc cece ee eee cece ete e tee eeees 5-311 
Dual Peripheral Driver, Positive NAND ............... ccc cece eee e eee ee ee eeeeeeens 5-311 
Dual Peripheral Driver, Positive OR....... 002... cc cece cece ee eee eens nr 5-311 
Dual Peripheral Driver, Positive NOR ............ 0. cece cece ete eee e tenn eee ee nes 5-311 
High Voltage Peripheral Driver ....... 00... ccc ccc cece cece eect censors aeaenes 5-315 
High Voltage Peripheral Driver ............ cece cece cece teers tree ee eee eaeeees 5-315 
High Voltage Peripheral Driver ....... 0.0... pee c cece cece eee e ee ee eee ene e eee ees 5-315 
High Voltage Peripheral Driver ........... 0... cece cee cece cece eee ete e teen eeeeees 5-315 
Quad Light-Emitting Diode (LED) Driver...................0 000s Ma Asittae a te eer aia aut 5-320 
Hex Light-Emitting Diode (LED) Driver ............ 0... cc ccc cece eee nent eeneeees 5-320 
Quad LED Digit Driver................ Msg Seb gib ew Acacguetays ss ch Woes ein wie ueee rds Gee a elk anne a We 5-326 
Quad LED Digit DrN@r cae tes eee ke Gut ok we Sha cease tees eeudi el eines iva 5-326 _ 
General Purpose Adjustable Operational Amplifier................. Pom Wake we ecalee 3-146 
Adjustable Negative Voltage Regulator.................... ea a a Aihdoeien ee ale eiatoe 4-122 
Adjustable Positive Voltage Regulator ...................0000e8 NRE Kee See ARGS heirs 4-124 
General Purpose Operational Amplifier ....................6.. Rieder wanda seas. a aleiaes 3-150 
Precision Operational Amplifier ............... taste euhane uaa! bre Soe aude dte wc areca 3-154 
- Precision Operational Amplifier ........ Syaeneinl nay eG ae ahs fa itiGeleutats Porer 3-154 
‘ Positive Voltage Regulator ........... 0... cece cece eee eee e ees i dre RC aoa art atin 4-126 
Unity Gain Operational Amplifier .................. ec eee e eee sib aann de dktal ain soe 3-159 
Voltage Comparator ......... Sp TENA EE MRA Aa dak Hite read i aneeoas anes pidemare 6-31 
Quad Operational Amplifier... ......0.. 0. ccc ccc cence ee cece eee en eeneceeees 3-161 
Quad Comparator (Single Supply) ............... 0 cece ee eee cence eeee Sucaraelen esas 6-35 
Quad Comparator (Single Supply) .......... 0.00. cee ccc cece eee eee eee e eee n ees 6-39 | 
Dual Operational Amplifier .......... 0. ccc ccc cece cere eect ene cet eneeees 3-167 


_* MASTER INDEX 


Device. 
Number 


MLM201A 
MLM204 
MLM205 
MLM207 
MLM208 


MLM208A - 


MLM209 . 

MLM210 

_ MLM211 
MLM224 
MLM239 

*MLM239A 
MLM258 
MLM301A 
MLM304 
MLM305 
MLM307 
MLM308 
MLM308A 
MLM309 
MLM310 
MLM311 

-MLM324 
MLM339 
MLM339A 
MLM358 
MLMS565C 
MLM2901 
MLM2902 
MMH0026 


MMHO026C 


NE592 
SE592 
TDA1190Z 
XC26S810 


XC26S11 . 


XC3315 
XC3316 
XC3317 
-XC3411 
XC3448 
XC3480 
XC3487 
XC6875 


Function 


Page 
General Purpose Operational Amplifier .............. 0... ceee cence Huds Big hela! 3-146 
Adjustable Negative Voltage Regulator....................000. Beaks eee re Te 4-122 
Adjustable Positive Voltage Regulator ................. lgvavs ihasatiecca wees Pees" re 4-124 

- General Purpose Operational Amplifier ..........0. 00. ccc cee cee e eee cee e eee senees 3-150 
Precision Operational Amplifier .......... 00... c cece cece eee e terete een tence enaeee 3-154 - 
Precision Operational Amplifier ......... eescieata ails alec Wig ein srafavas sonore eae AA Na way 3-154 
Positive Voltage Regulator ........ 0... ccc cee cece eee teen eee e ene anes 4-126 . 
Unity Gain Operational Amplifier.................. So Featine end Seb eeee otras od ans 3-159 
Voltage Comparator ................005 Vaalelan Banat aeraceee ae aah ise Dees tre 6-31 
Quad Operational Amplifier...........0... b eibaa oce Masa SR iSesidee ye wate lees eteafellaaleaees 3-161 
Quad Comparator (Single Supply) .......... 0.0... ccc ccc cece cee teen e et neeeee 6-35 
Quad Comparator (Single Supply) sane sge toh Salsa Mideast evo: tag ho dace irs ele SRM deieky de asta Re ee 6-39 
Dual Operational: Amplition ios. sagas 6d) woe ord SON ATE REOEG SESSA eN Ts 3-167 
General Purpose Operational Amplifier Shee Ure tens Vie bees a dee Se ote ee Relea daears as 3-146 

’ Adjustable Negative Voltage Regulator. ... 0.2... 5... cece cece cece eee e eens b Sabsuiare 4-122 
Adjustable Positive Voltage Regulator ............ cc cece ee cece eee e eee e eee e eens 4-124 
General Purpose Operational Amplifier .............. 0c. cece eee e cece en eeeeeeeees 3-150 
Precision Operational Amplifier ........0. 0... cece ccc cece nec e nen e tees eenenes 3-191 
Precision Operational Amplifier .......... 0... cc cece cece eect eee e ete ee en eens 3-154 
Positive Voltage Regulator vis isha iicaw ot cise edaw yokes ik eude hee esa see tga e 4-126 
Unity Gain Operational Amplifier...... nae ai ehe res Gee ei et eee Aaa wee oe »3-159 

, Moltage: Comparator x oc:s..%e i654 esac ce Rlan ae Galea eh Beale bw Sans ead wale eee Qante seed Maal 6-31 
Quad Operational Amplifier... 0.0... 0.0. ccccccccccceeeeen ee tee eee ene eens 3-161 
Quad Comparator (Single Supply) .............. cee cee eee eee Dale. 8 Edited naar ea esis 6-35 
Quad Comparator (Single Supply) ............ 0. ceed ec eee c nee teen eneeeteee facie 6-39 
Dual Operational Amplifier .......¢........... Sabtaisahs akahs Cs tated delMeacats ... 3-167 
Phase-Locked ea aatli nes Wie a ONG sh Regie tinea 8-141 
Quad Comparator ./.......... Neuen en mere CAE a Ye «Si uee tere ue Comw ner a eel ea S see 6-43. 
Quad Operational Amplifier... 0.0... 0... ccc ccc cc cc ee ccc cence cette eee eee rens 3-173 
Dual MOS Clock Driver......... ictyona teas a dG io Ste wvclicinie Degli teste, anes Seas tae ee 5-328 
Dual MOS Clock Driver ........... ccc cee e cece e teen ees EPs Tee rr eee deco wae 5-328 
Video Amplifier .................005. Fee pega Se eta Sere eTENE Care Ser eee 8-145 . 
Video Amplifier i543. ccceesves nites sied se wegen was is laccaedthanie woes nieeainee seen e 8-145 
TV Sound System a: 5d5-5i655. 0500s shinee ess Bs eas Oa el sites ere ghee sali ae Sian we 7-186 
Quad Open-Collector Bus Transceiver ................ Cok GS Dae ee aiety aaled aeons .. 5-97 
Quad Open-Collector Bus Transceiver ..... ded teiiataetae etl sehen tate ahem Dia state ieee le One e welts 5-97 
Frequency-to-Voltage Converter............ Suyabathud4 ca twetaek mmessaned edrwsaas 7-143 
Dual Frequency-to-Voltage Converter.............. 0. sce e eee So al Shaan ae ah aratis aca gr ls 7-149 
Dual Frequency-to-Voltage Converter... 0.0... 0. ccc ccc ccc ee teen eee renee neers 7-149 
Duai Voltage Comparator .................. Gibitea ec Resta 2 bias LA Seee ceca Oe ele Ba oe 6-21 
Quad Three-State Bus Transceiver ............ 0... ccc e ccc e ee eee Pr ee Pay 5-155 
Memory Controller Circuit ......... 0... cc eee ee cnc e ee eees ds ial aaa a eae care eas 5-218 
Quad RS422 Line Driver with Three-State Outputs ........ 0... cee ccc cece eee 5-222 . 
M6800 Clock Generator/Driver ............ ccc cee i eee eee eee teen ees aiacinew are, aie a 5-237. 
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MOTOROLA — LINEAR INTEGRATED CIRCUITS CROSS. REFERENCE 


. .. provides a complete interchangeability list linking over 6000 temperature range. The Motorola ‘Functional Replacement” column 
devices offered by most major Linear Integrated Circuits manufacturers provides a device which performs the same function but with possible 
to the nearest equivalent Motorola device. The Motorola ‘Direct Gifferences in package configurations, pin connections, temperature 
Replacement” column lists devices with identical pin connections range or electrical specifications. 


and package and the same or better electrical characteristics and 


Motorola Motorola Motorola Motorola Motorola Motorola 
Direct Functional . Direct Functional Direct Functional 
Replacement Equivalent Replacement Equivalent Replacement Equivalent 


709BE * MC1709G 8216 MC8T26L |} 55325FM MC55325F 
709BH ; MC1709F 8226 4 MC8T28L -|} 75107ADC MC75107L 
709CE MC1709CG 9614DC MC75110L_ |} 75107BDC MC75107L 
709CH ; MC1709CF 9614DM a : MC75110L 75107APC MC75107P ° 
709CJ MC1709CP2 9614FM MC75110L 75107BPC ; MC75107P. 
TOBE MC1710G. 9615DC . | MC75108L 75108ADC MC75108L 
710BH MC1710F 96150M MC55108L 75108BDC MC75108L 
710CE MC1710CG _ |} 9615FM : MC55108L_ |{ 75108APC MC75108P 
7LIBE MC1711G 9616CDC. MC1488L |] 75108BPC MC75108P 
711BH MC1711F 9616EDC MC1488L |] 75110DC MC75110L 
711BN MC1711L 9616DM MC1488L |] 75110PC J} MC75110P 
TLLCE “1 MC17110G 9617DC | MC1489AL }] 751210C MC8T13L 
7110) MC17.11CP 9620DC MC75110L |] 75121PC MC8T13P 
723BE MC1723G 9620DM ; ates MC75110L |} 75122DC MC8T14L 
723CE MC1723CG 9621DC MC75108L |] 75122PC MC8T14P 
7230): MC1723CL ; 9621DM MC55108L |] 75123DC MC8T23L 
741BE MC1741G 9622DC MC75140P1 ff 75123PC MC8123P 
741BH MC1741F° 9622DM MC75140P1 || 75124DC MC8T24L 
741BN MC1741L 962400 MMHOO026CL }] 75124PC MC8T24P 
TA1CE MC1741CG ~ 9624DM MMHOO026CL 7520700 MC75107L 
747BE _ MC1747G.-.}} 9625DC MMHOO26CL }| 75207PC MC75107P 
747BN . ; MC1747L 9625DM : . MMHO026CL 75208DC MC75108L 
TATCE MC1747CG 9627CDC MCi489AL 75208PC MC75108P 
748BE MC1748G 9627DM MC1489AL 7522400 MC7524L 
748CE MC1748CG_ || 96367 MC3488P 75224PC MC7524P 
809BE MC1776G 9637T MC3486P 7522500 MC7525L 
809CE : : MC1776CG 9638T 1 MC3487P |} 75225PC MC7525P 
823AE , MC1723G 9640) MC3443P 75232DC _ MC7528L 
; 1458CE MC1458CG 96400 MC3443P 75232PC MC7528P | 
3232 ~MC3232AL |} 964000 MC3440P |] 75233DC ary MC7529L 
3245 MC3245L 9640NC MC3440P . 75333PC.—. ; MC7529P 
5524DM MC5524L 9665PC MC1411P 75234DC MC7534L 
55250M MC5525L . |} 9666PC _ MC1412P ; 75234PC MC7534P 
5528DM © MC5528L : 9667PC MC1413P * 75235DC MC7535L 
55290M MC5529L ; 9668PC MC1416P “He 75235PC ~MC7535P 
5534DM MC5534L j 9665DC MC1411L 75238DC MC7538L 
5535DM MC5535L 9666DC MC1412L } 75238PC MC7538P 
5538DM - MC5538L 9667DC MC1413L 75239DC nae MC7539L 
5539DM. | -MC5539L_ | - 966800 MC1416L “H} 75239PC, MC7539P 
6605) '  MC3443P 55107ADM MC55107L 75325DC MC75325L 
6605L . : MC3443L 55108ADM MC55108L ; 79325PC » MC75325P" 
7524DC MC7524L ; 55107BDM ; MC55107L |} 75450ADC MC75450L 
7524PC— MC7524P : 55108BDM ; MC55108L jj 75450APC MC75450P 
752500 MC7525L 55110DM MC75110L |] 75451APC MC75451U 
7525PC MC7525P 55121DM ~ MC8T13L |] 75451ATC “MC75451P 
7528DC MC7528L oH} 591220M MC8T14L |f- 75452ARC . MC75452U 
7528PC MC7528P _. |] 552070M MC55107L ff} 75452ATC MC75452P 
7529DC : MC7529L : 55208DM . MC55108L fj 75453ARC MC75453U 
7529PC MC7529P “Ht 55224DM MC5524L . | 75453ATC MC75454P 
. 753400 . MC7534L 55225DM MC5525L |} 75454ARC MC75454U 
7534PC - MC7534P . 95232DM : MC5528L jj 75454ATC / MC75454P 2 
"753506 MC7535L | - 55233DM MC5529L || 75450BDC |. MC75450L 
7535PC MC7535P 55234DM. ~  MC5534L |] 75450BPC . MC75450P 
75380 “| -MC7538L 55235DM . MC5535L |) 75451BRC MC75451U 
7538PC MC7538P 55238DM MC5538L. jf 75451BTC SN75451BP : 

~ | 75890C - 1. MC7539L : 552390M 2 MC5539L ff 75452BRC *MC75452U 
7539PC MC7539P 55325DM MC55325L «ff 75452BTC SN75452BP 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE | | 


75453BRC 
75453BIC 
75454BRC 
75454B1C 
754600 
75460PC 
75461RC 
754611C 

- 75462RC 
75462TC 
75463RC 
75463TC 
75464RC 
75464TC 
75491 DC 
75491PC 
75491 ADC 
75491 APC 
75492D¢ 
75492PC 
75492ADC 
75492APC 
AD301 AL 
AD505J 
AD505K 
AD505S 
AD509J 
ADS09K 
AD509S 
AD518J 
AD518K 
AD518S 
AD530 
AD531 
AD532J 
AD559J0 
AD559K 
AD5S9KD 
AD559S 
AD559SD 
AD580/ 
AD580K 
AD580M 
AD580S 
AD580T 
AD741C) 
AD741J 
AD741K 
AD7ALL 
AD741S 
AD 75200 
AD7520F 
AD7520N 

- AM26S10PC 
AM26S10DC 
AM26S11PC 
AM26S11DC 
AM725A31T 
AM 166039F 
AM166039T 
AMLM101 
AMLM 101A 
AMLM101AD 
AMLM 101 AF. 
AMLM 1010 
AMLM101F 
AMLM 105 
AMLM 1055 
AMLM105H 
AMLM 107 
AMLM 107D 
AMLM107F 
AMLM110 
AMLM 1100 


Motorola 


Direct 


Replacement 


SN75453BP 


" SN75454BP. 


MC75461U 
MC75461P 
MC75462U 


MC75462P 


MC75463U 
MC75463P 
MC75464U 
MC75464P 


MC75491P 


Mc75492P 


MC1408L8 
MC1408L8 
MC1408L8 
MC1508L8 
MC1508L8 


/ 


MC26S10P 
MC26S10L 
MC26S11P 
MC26S11L 


MLM101AG 
MLM101AG 


MLM1056 


MLM105G 
MLM107G 


MLM1I10G 


Motorola 
Functional 
Equivalent 


MC75453U 


MC75454U_ 


MC75450L 
MC75450P 


MC75491P 
MC75491P 
MC75491P 
MC75492P 


MC75492P 


MC75492P 


MLM301AG 
MC1776CG 
MC1776CG 
MC1776G 
MLM301AG 
MLM301AG 
MLM101AG 
MLM301AG 
MLM301AG 
MLM101AG 
MC1595L 
MC1595L 
MC1595G: 


MC1403U 
MC1403P1 
MC1403AP1 
MC1503U 
MC1503AU 
MC1741CG 
MC1741G 
MC1741G 


MC1741G . 


MC1741SG 
MC3410L 
MC3410L 

-MC3410L 


“MC1556G 
MLM301AG 
MLM301AG 


MLMLOIAG 
MLM101AG 
MLM101AG 
MLM101AG 


_MLM105G 


MLM107G °* 


MLM.107G 
MLM110G 


AMLM110F 
AMLM110H 
AMLM111D 
AMLM1L1F 
AMLMI11H 
AMLM201 
AMLM201A 
AMLM201AD 
AMLM201AF 
AMLM201D 
AMLM201F 
AMLM205 
AMLM205F 
AMLM205H 
AMLM207 
AMLM207D 
AMLM207F 
AMLM210 
AMLM210D 
AMLM210F 
AMLM210H 
AMLM211D 
AMLM211H 
AMLM301 
AMLM301A 
AMLM301AD 
AMLM301D 
AMLM305 
AMLM305A 
AMLM305F 
AMLM305H 
AMLM310 
AMLM310D 
AMLM310F 

- AMLM310H 
AMLM311D 
AMLM311H 
AMU3F7733312 
AMU3F7733393 
AMU3F7748312 
AMU3I7741312 
AMU3I7741393 
AMUS5B7733312 
AMU5B7733393 
AMUS5B7741312 
AMUS5B7741393 
AMUS5B7747312 
AMUS5B7747393 
AMU5B7748312 
AMU5B7748393 
AMU5R7723312 
AMU5R7723393 
AMUGA7723312 
AMUGA7723393 
AMUGA7733312 
AMU6A7733393 
AMU6A7741312 
AMU6A7741393 
AMU6A7748312 
AMU6A7748393 
AMU6W7747312 

_ AMU6W7747393 
BD5030 
BD5031 
CALOLAT 
CA10IT 

CA107T 
CA108AS 
CALOSAT 
CA108S 
CA108T 
CAL39AG 

- CA1396 
CA201AT 


Motorola 
Direct 


Replacement 


MLM110G 
MLMA1IL 
MLM111F 
MLM111G 
MLM201AG 
MLM201AG 


MLM205G 


MLM205G 
MLM207G 


MLM210G 


MLM210G 


MLM211L 
MLM211G 
MLM301AG 
MLM301AG 


MLM305G 


MLM305G 
MLM310G 


MLM310G 
MLM311L 
MLM311G 


MC1741F 
MC1741CL 
MC1733G 
MC1733CG 


MC1741G " 
MC1741CG . 


MC1747G 
MC1747CG 
MC1748G 
MC1748CG 
MC1723G 
MC1723CG 
MC1723L 
MC1723CL 
MC1733L 
MC1733CL 
MC1741L 
MC1741CL 


MC1747L 

MC1747CL 
MCC 1486 

MCC1487 
MLMI01AG 
MLM101AG 
MLM107G 
MLM108AU 
MLM108AG 
MLM108U 
MLM108G 

MLM139AL 
MLM139L 
MLM201AG 


Motorola 
Functional 
Equivalent 


MLM110G 


MLM201AP1 


_ MLM201AG 


MLM201AP1 
MLM201AG 


. MLM205G 


MLM207G 
MLM207G 


MLM210G 
MLM210G 


MLM301AU 
MLM301AU 


MLM305G 
MLM305G 


MLM310G 
MLM310G 


MC1733L 
MC1733CL 
MC1748G 


MC1748G 
MC1748CP1 


_ CA201T 
CA207T 
CA208AT 
CA208S 
CA208T 
CA239AE 
CA239AG 
CA239E 
CA239G 
CA301AT 
CA307T 
CA308AS 
CA308AT 
CA308S 
CA339AE 
CA339AG 
CA339E 
CA339G. 
CA723CE 
CA741CS 
CA741CT 
CA741S 
CA741T 
CA747CE 
CA747CF 
CA747CT 
CA747E 
CA747F 
CA747T 
CA748CS 
CA7A8CT 
CA748S 
CA748T 
CA758E 
CA810Q 
CA810QM 
CA1310E 
CA1352E 
CA1391E 
CAI394E 


|| CA1398E 


CA1458S° 
CA1458T 
CA1558S 
CA1558T 
CA2ZLI1AE 
CA2111AQ 
CA3000 
CA3001 
CA3002 
CA3004 
CA3005 
CA3006 
CA3007. - 
CA3008 
CA3008A 
CA3010 
CA3010A 
CA3011 
CA3012 
CA3013 
CA3014 
CA3015 
CA3015A 
CA3016 
CA3016A 
CA3020 
CA3020A 
CA3021 


| CA3022 


CA3023 
CA3026 
CA3028A 
CA3028AF 


Motorola 
Direct 
Replacement 


MLM207G 
MLM208AG 
MLM208U 
MLM208G 
MLM239AP 
MLM239AL 


. MLM239P 


MLM239L 
MLM301AG 
MLM307G 
MLM308AP1 
MLM308AG 
MLM308G 
MLM339AP 
MLM339AL 
MLM339P 
MLM339L. 
MC1723CP 
MC1741CP1 
MC17410G 
MC1741U 
MC1741G. 
MC1747CL 
MC1747CL 
MC1747(G 
MC1747L 
MC1747L 
MC1747G 


~ MC1748CP 1 


MC1748CG 
MC1748U 
MC1748G 


MC1310P 
MC1352P 
MC1391P 
MC1394P 
MC1398P 
MC1458¢P1 
MC1458G 


MC1558G 
MC1357P 
MC1357PQ 


(@) MOTOROLA Semiconductor Products inc. 
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Motorola 
Functional! 
Equivalent 


MLM201AG 


MC1310P 
MC1384PQ 
MC1384POM 


MC1558U 


MC1550G 
MC1550G 
MC15506 
MC1550G 
MC1550G 
MC1550G 
MC1550G 
MC1709F - 
MC1709F 
MC1709G 
MC17096 
-MC1590G 
MC1590G 
MC1357P 
MC1357P 
MC1709G 
MC1709G 
MC1709F 
MC1709F 
MC1554G 
MC1454G 
MC1590G 
MC15906 
MC1590G 

CA3054 
MC1550G 
MC1550G 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE . 


Motorola Motorola Motorola Motorola Motorola Motorola 
Direct Functional | Direct Functional Direct Functional 
Replacement | Equivalent __ Part No. Replacement | Equivalent Replacement | Equivalent 


CA3028AS ; MC1550G CA3136A MC3346P DS3632N MC1472P1 
CA3028B MC1550G CA3137E MC1323P DS3633H ~  MC1473U 
CA30288F , MC1550G CA3146 MC3346P DS3633J MC1473U 
CA3028BS MC1550G |] CA3401E MC3401P ee DS3633N MC1473P1 
CA3029 MC1709P2 CAG078AS MC1776G DS3634H MC1474U 
CA3029A MC1709P2 CA6078AT MC1776G 0S36345 .  MC1474u 
CA3030 MC1709P2 CAG741S MC1776G DS3634N MC1474P1 
CA3030A MC1709P2 CAG741T MC1776G DS3644) MC3460L 
CA3031 MC1712G CA3302E MC3302P DS3644N MC3460P 
CA3032 _ MC1712CG CMP-01CJ MC1556G DS3650J) MC3450L 

CA3033 *  MC1533L CMP-01CP ; MC1556P DS3650N MC3450P 

CA3033A MC1533L D555CJ MC1555G DS36515 MC3430L 

CA3035 MC1352P D3232 MC3232AP DS3651N MC3430P 

CA3035V1 | MC1352P 03245 MC3245P DS36525 MC3452L 

CA3037 MC1709L 08216 MC8T26L DS3652N MC3452P 

CA3037A : MC1709L 08226 MC8T28L DS3653J MC3432L 

CA3038 MC1709L DAC-01 : MC1506L DS3653N MC3432P 

CA3038A MC1709L DAC-08 MC1408L8 0S3674) MC3460L 

CA3040 MC1510G DM7820AD MC75140P1 DS3674N MC3460P 

CA3041 MC1351P ‘DM78205 MC75140P1 DS55107J MC55107L 

CA3042 ‘ MC1357P DM7822) MC1489AL DS55107W MC55107L 
CA3043 - MC1357P DM78375 MC3437L DS55108) MC55108L 

CA3044 MC 1364P DM7838) 5 MC3438L DS55108W : MC55108L 
CA3044V1 MC1364P DM7887J MC3490P DS55110J MC75110L 
CA3045 I MC3346P DM7887N MC3490P DS551215 MC8T13L 
CA3045F MC3346P DM7889J MC3491P DS55121W MC8T13L 
CA3046 MC3346P DM7889N MC3491P DS551225 MC8T14L 
CA3047 MC1433L 0M78975 MC3494P DS55122W MC8T14L - 
CA3047A — MC1433L DM7897N MC3494P DS5524AJ MCS5524AL 
CA3048 MC3301P DM8820AN MC75140P1 DS9524J MC5524L 

CA3052— MC3301P ‘DM88205 MC75140P1 DS5525J MC5525L 

CA3053 MC1550G DM8820N MC75140P1 DS5528AJ MC5528AL 

CA3053F MC1550G DM8822)° MC1489AL jf DS5528) MC5528L - 

CA30535 MC1550G DM8822N MC1489AP | DS5529J MC5529L 

CA3054 CA3054 DM8837N MC3437P DS55325J MC55325L 

CA3056 MC17410G “] DM8838N MC3438P DS55325W MC55325F 

CA3056A MC1741G DM8861N MC75491P |} DS5534AJ MC5534AL 

CA3058 CA3059 DM8863N: MC75492P I] DS5534) MC5534L 

CA3059 CA3059 DM8887! MC3490P | DS5535J MC5535L 

CA3064 MC1364P DM8889J MC3491P |} DS5538AJ MC5538AL 

CA3064E MC1364P DM8897J - MC3494P 7 DS5538J MC5538L 

CA3065 MC1358P DM75491N MC75491P DS55395 MC5539L 

CA3066 , MC1399P DM75492N MC75492P |” DS751075 MC75107L 

CA3067 ¥ MC1323P DS0026CG MMHO026CG jj DS75107N MC75107P 

CA3068 MC1352P DS0026CH MMH0026CG DS75108) ; MC75108L 

CA3070 ; MC1399P DS0026CJ MMHO0026CL DS75108N MC75108P 

CA3071 MC1399P DS0026CN MMHO0026CP1 DS75109N MC75109P 

CA3072 MC1323P DS0026G | MMHO0026G || DS75110) MC7S110L 

CA3075 MC1375P DS0026H MMH0026G DS75110N MC75i10P 

CA3076 MC1590G DS0026) MMH0026L DS751215 | MC8TI3L 

CA3078AS ; MC1776G DS0056CG , MMHO0026CG -}} DS75121N MC8T13P 

CA3078AT MC1776G DSO056CH MMHO0026CG || DS75122) MC8T14L 

CA3078S : . MC1776CG DSO056C) : MMHOO26CL ff DS75122N MC8T14P 

CA3078T MC1776CG DSOOS6CN MMHOO26CP1 |] DS75123) MC8T23L 

CA3079 CA3059 DS00566 MMHO0026G || DS75123N MC8T23P 

CA3085 = MC1723G DSO056H MMHO0026G jj DS75124) MC8T24L 

CA3085A MC1723G DSO056) MMHO026L jj) DS75124N MC8T24P 

CA3085AF MC1723L DS1488) |. MC1488L “4 _DS75207) MC75107L 
CA3085AS MC1723G .j) DS1489AJ MC1489AL DS75207N MC75107P 
CA30858 MC1723G DS1489) MC1489L ‘} DS75208) MC75108L 
CA3085BF MC1723L DS3486N MC3486P DS75208N MC75108P 
CA3085BS MC1723G DS3687N MC3487P DS7520AJ — MC7520AL 

CA3085F MC1723L DS3611H 7 MC1471U i DS7520AN MC7520AP 

CA3085S_ - MC1723G DS3611N MC1471P1 {| DS7524A) MC7524AL 

CA3086 MC3386P DS3612H : MC1472U |] DS7524AN MC7524AP ~ 

CA3086F MC3346P |] DS3612N MC1472P1 |} DS7524) MC7524L 

CA3090AQ MC1310P DS3613H MC1473U 1 DS7524N MC7524P 

CA3091D MC1594L DS3613N MC1473P1 }| DS7525) MC7525L 

CA3120€. -MC1344P DS3614H : MC1474U I} DS7525N MC7525P 

CA3125E MC1323P DS3614N MC1474P1. || DS7528AJ MC7528AL 

CA3132EM MC1384PQ 0S3631H ; MC1471U || DS7528AN MC7528AP 

CA3134E TDA11902Z DS3631N MC1471P1 j| DS7528) MC7528L 

‘CA3134EM TDA11902Z DS3632H . MC1472U |} DS7528N - MC7528P 

CA3134QM TDA1190Z DS3632) MC1472U || 0S75295 MC7529L 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


r Motorola Motorola Motorola Motorola . Motorola Motorola 
: Direct ‘| Functional Direct Functional Direct Functional 
Replacement Equivalent . Replacement Equivalent “ Replacement | Equivalent 


DS7529N MC7529P ICL741CLNPA mci74ice1 || LF256P LF156J-8 

DS75325J MC75325L ICL741CLNTY - | mei74ice1 |} LF257H LF157H 

DS75325N MC75325P ICL741LNDP . MC1741L -|| LF257JG ; LF157J-8 

DS7534A) MC7534AL ICL741LNFB MC1741L jf LF257L LF157H 

DS7534AN MC7534AP ICL741 LNTY MC1741L || LF257P LF157J-8 

DS75345 MC7534L ICL8001CTZ MLMI11L |} LF352D LF355U 
Ko DS7534N MC7534P ICL8001MTZ MLMI1IL |} LF355AH LF355AH 

DS7535J MC7535L ICL8007CTA mci709cG || LF355G LF355AJ-8 

DS7535N MC7535P ICL8007MTA MC1709CG |) LF355AL LF355AH 

DS75365) MC75365L ICL8008CPA MLM301AP1 j| LF355AP LF355AN 

DS75365N MC75365P ICL8008CTY MLM301AP]° |] LF355H =~ LF355H 

DS7538AJ MC7538AL ICL8013A MC1594G || LF355JG LF355J-8 

DS7538AN MC7538AP ICL8013B MC1594G - || LF355L LF355H 

DS7538J - MC7538L ICL8013C WiC1594G |) LF355N LF355N 

‘ DS7538N MC7538P 1CL8017CTW MLM301AP1 || LF355P LF355N 

0S7539J MC7539L ; ICL8017MTW MLM301AP1 || LF356AH LF356AH 

DS7539N MC7539P IcL8021¢ MC1776G {| LF356AL LF356AH 

DS75450) MC75450L ICL8021M MC1776G || LF356AJG LF356AJ-8 

DS75450N MC75450P -ICL8022C _ MC1776G_ || LF356AP : LF356AN ~ 

DS75451H_ MC75451U ICL8022M MC1776G_ || LF356H LF356H 

DS75451N SN75451BP ICL8043CDE MC1776G || LF356JG LF356J-8 

DS75452H MC75452U ICL8043CPE MC1776G |] LF356L . LF356H 

DS75452N SN75452BP - (CL8043MDE MC1776G |) LF356N _ LF356N 

0S75453H MC75453U ICL8048CDE MC1776G || LF356P LF356N 

DS75453N =. :*‘| ~SN75453BP ICL8048DPE MC1776G_ || LF357AH LF357AH 

0S75454H MC75454U IH5101NIE MC1545G_ |} LF357H LF357H 

DS75454N SN75454BP IH5101MIE MC1545G || LF357JG LF357J-8 

DS75461H- _ MC75461U T1641 MC1385P ’ |} LF357L LF357H 

DS75461N MC75461P ITT652: MC1411P LF357N LF357N 

DS75462H MC75462U T1654 MC1412P LF357P LF357N 

DS75462N MC75462P {TT656 MC1413P LHOOOLACH MC1776CG 

DS75463H MC75463U 171330 MC1330P LHOOO1AH MC1776G 

DS75463N MC75463P 1171352 MC1352P LHOOO1ACD . | MC1776CG 

DS75464H MC75464U 1173064 MC1364P LHOOOIAD MC1776G 

DS75464N MC75464P ITT3065 MC1358P LHOOO1ACF MC1776CG 

DS75491) MC75491P 113066 MC1399P |] LHOOOLAF MC17766. 

DS75491N MC75491P 1173701 .|  TDAI190Z |] LHOOO2CH pr MC1538R - 

DS75492) MC75492P 1113707 MC1399P || LHOOOZH MC1538R- 

DS75492N MC75492P 1173710 MC1391P |} LHOOO4CH MC1436G 

DS7837) MC3437L 1113714 > MC1394P |} LHOOO4H MC1536G 

0S7837W MC3437L L144AP MLM324P |] LHOO42CH MC1776G 

DS7838) MC3438L 1201 MC1411P LH1OIF “MC1741F 

0S7838W Alt MC3438L L202 MC1412P LH101H © MC1741G 

DS7887) MC3490P |] L203 MC1413P LH201F MC1741F 

DS7889J MC3491P { LO110CJ | mc14435vp || LH201H | MC1741G 

DS7897J Mc3494P |i LD111C) MC1405L LH740ACH LF355H 

$8833) MC8T28L |} LD114CR oy. MC14435VR_ | LH740AH LFIS5H 

DS8833N MC8T28P LF152D LF155U LH2101AD MC1537L 

DS8834J MC8T26L |} LFI55AH_ LF155AH LH2101AF - MC1537k 

DS8834N MC8T26P |] LFI55ANG LF155AJ-8 LH2201AD MC1537L 

DS8835J MC8T26L |] LFISSAL’ LFIS5AH LH2201AF ° MC1537L 

DS8835N | MC8T26P Hl LFI55H LF155H LH2301AD MC1437L 

DS8837J MC3437L LF155JG LF155J-8 LH2301AF ; MC1437L 

DS8837N MC3437P LFI55L LF155H LMLOOF MLM105G 

DS8838)° MC3438L LF15S6AH LFI56AH ‘ LM100H MLM1056 

DS8838N MC3438P LFIS6ANG LF156AJ-8 LMLO1AD MLM101AG 

DS8839) MC8T28L LF156AL LF156AH | LMIO1AF MLM101AG 

DS8839N . MC8T28P | LF156H “LF156H LM101AH MLMI1O1AG 

DS8887J MC3490P {| LF156JG LF156J-8 LM10IN MLM1O1AU 

DS8887N MC3490P j! LF156L LF156H LMIO1AN-14 MLM101AU 

DS8889) | MC3491P Hf LF157AH LF157AH LM101A/G MLM101AU ; 

DS8889N MC3491Pf LFIS7AJG LF157AJ-8 LMIOIAL - | MLM101AG 

08897) MC3494P |] LFI57AL LFIS7AH LM101D MLM101AU 

DS8897N MC3494P) «] LFIS7H” LF157H LM101F MLM101AG 

ICB8000C t- * MLM1LIL |} LF157JG LF157J-8 LM101H- MLMLOLAG 

IcBs001lc * MLMLLIL } LFI57L LFIS7H” = LM101J-14 MLM101AU 

ICB8741C “| MC1741CG |} LF252D LFI55U ff LM102H MLM110G 

ICH8500ATV ‘-] MC1776CG If LF255H LF15SH LM104F ‘}  MLM104G 

(CH8500TV MC1776CG |] LF255JG LF155J-8 LM104H MLM104G . 

ICLIQIALNOP. MLMIOIAG 1] LF255L LFI55H’ . LM104J — MLM104G 

ICLI01ALNFB MLM101AG |] LF255P LF155J-8 LM104L MLM104G 

ICL IO1ALNTY MLM101AG |] LF256H LFI56H =| . LM105F MLM 1056 

ICL301ALNPA MLM301AG }] LF256JG * LF156J-8 x LM105H MLM105G 

ICL301ALNTY MLM301AG |] LF256L LF156H LM105JG ae MLM 1056 
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LMLO5L 
LM106H 
LM107D 
LM107F 
LM107H 
LM107/ 
LM107J-14 
LM107JG 
LMLO7L 
LM108AD 
LMLOBAF 
LM108AH 
LM10BA! 
LM108D 
LM108F 
LM108H 
LM109H 
LM109K 
LM1OSLA 
LM110D 
LM110F 
“ LM110H 
LM111D 
LMLILF 
LM111H 
LM1120 
LM112F 
LM112H 
LM117H 
LM117K 
LM118D 
LM118F 
LM118H 
LM120H-5.0 
-LM120H-5.2 
LM120H-6.0 
LM120H-8.0 
LM120H-12 
LM120H-15 
LM120H-18 
LM120H-24 
LM120K-5.0 
LM120K-5.2 
- LM120K-6.0 
LM120K-8.0 
LM120K-12 
LM120K-15 
LM120K-18 
LM120K-24 
LM122F 
LM122H 
LM123K 
LM124AD 
LM124AF: 
LM124A) 
LM124D 
LM124F 
LM124J 
LM125H 
LM126H 
LM128H 
LM139AD 
LM139AJ 
LM139D 
LM139J 
LM140LAH-5.0 
| LM140LAH-6.0 


LMI40LAH-8.0 


LM140LAH-12 
-LM140LAH-15 
LM140LAH-18 
LM140LAH-24 
1 M1430 

-LM143F 


Motorola 
Direct 


Replacement 


MLM105G 


MLM107G° 
MLM107U 


MLM107U 
MLM107G 
MLM108AL 
MLMI108AF 
MLM108AG 
MLM 108AU 
MLM108L 
MLM L08F 
MLM108G 
MLM109G 
MLM109K 
MLM109K 


MLM110G 
MLMLIIL 
MLMILLIF 
MLM111G 


LM117H 
LM117K 


LM123K 


MLM124L 
MLM124L 


MLMI39AL 


MLMI39AL_ 


MLM139L 
MLM139L 


Motorola 
Functional 
Equivalent 


MC1710G 
MLM107U 
MLM107G 


~ MLM107U 


MLM110G 
MLM110G 


MC1556L 
MC1556L 
MC15566 


MC1741SL 
MC1741SL 
MC1741SG 
MC7905CK 
MC7905.2CK 
MC7906CK 
MC7908CK 
MC7912CK 
MC7915CK 
MC7918CK 
MC7924CK 
MC7905CK 
MC7905.2CK 
MC7906CK 
MC7908CK 
MC7912CK 
MC7915CK 
MC7918CK 
MC7924CK 
MC1555G 
MC1555G 


MLM124L 
MLM124L 
MLM124L 


MLM124L 


MC1568G 
MC15686 
MC1568G 


MC78LO5ACG 
MC78LOGACG 
MC78LO8ACG 


MC78L12ACG 


MC78L15ACG 
MC78L18ACG 
MC78L24ACG 

MC1536G 


_ MC1536G 


LM143H 
LM145K 
LM148D 
LM148F 
LM149D 
LM149F 
LM158AH 
LM158H 
LM158JG 
[M1581 
LM163J 
LMI71H 
LM200F 
LM200H 
LM201AD 
LM201AF 
LM201AH 
LM201AJ 
LM201ANG 
LM201AL 
LM201AN 
LM201AP 
LM201AJ-14 
LM2010 
LM201F 
LM201H 
LM201J 
LM201J-14 
LM202H 
LM204H 
LM204F 
LM205F 
LM205H 
LM206H 
LM207D 
LM207F 
LM207H 
LM2075 
LM207J-14 
LM208AD 
LM208AF 
LM208AH 
-LM208A\ 
LM208D 
LM208F 
LM208H 
LM209K 
LM209H 
LM2100 
LM210F 
LM210H 
LM211D 
LM211F 
LM211H 
LM212D 
LM212F 
(M212H 
LM217H 
LM217K 
LM218D 
LM218F 
LM218H .. 
LM220H-5.0 
“LM220H-5.2 
LM220H-6.0 
LM220H-8.0 
LM220H-12 
LM220H-15 
LM220H-18 
LM220H-24 
LM220K-5.0 
LM220K-5.2 
LM220K-6.0, 
LM220K-8.0 


Motorola 
Direct 


Replacement 


MC4741L 


MLM158G 
MLM158U 
MLM158G 


MLM201AG 


~ MLM201AU 


MLM201AG 
MLM201AP1 


MLM201AG 
MLM201AU 


MLM210G 
MLM204G 


MLM205G 


~ MLM207G 


MLM207U 


MLM208AL 
MLM208AF 
MLM208AG 
MLM208AU 


MLM208F 
MLM208G 
MLM209K 
MLM209G 


MLM210G 
MLM211L 
MLM211F 
MLM211G 


LM117H 
.LM117K 


Motorola 
Functional 
Equivalent 


MC1536G 
MC7S05CK 


MC4741L 
MC4741L 
MC4741L 
MLM158G 


‘MC3450L 
MC1590G 
MLM205G 
MLM205G 
MLM201AU 
MLM201AG 


MLM201AU 


MLM201AP1 


MLM201AU 
MLM201AU 
MLM201AG 


MLM201AU 


MLM204G 
MLM205G 


MC1710CG 
MLM207U 
MLM207G 


MLM207U 
MLM208U 


MLM210G 
MLM210G 


-MC1556L 
MC1556L 
MC1456G 


MC1741SL 
MC1741SL 
MC1741SG 
MC7905CK 
MC7905.2CK 
MC7906CK 
MC7908CK 
MC7912CK 


‘|. M67915¢K 


MC7918CK 
MC7924CK 
MC7905CK 
MC7905.2CK 
MC7906CK 
MC7908CK 


LM220K-12 
LM220K-15 
LM220K-18 
LM220K-24 
LM222H 
LM223K 
LM224AD 
LM224AF 
LM224AJ 
LM224D - 
LM224F . 
LM224J 
LM225H 
LM226H 
LM228H 
LM239AD 
LM239AJ 
LM239D 
LM239J 
LM240LAH-5.0 
- LM240LAH-6.0 
LM240LAH-8.0 
LM240LAH-12 
LM240LAH-15 
LM240LAH-18 
LM240LAH-24 
LM240LAZ-5.0 
LM240LAZ-6.0 
LM240LAZ-8.0 
LM240LAZ-12 
LM240LAZ-15 
LM240LAZ-18 
 LM240LAZ-24 
LM243H— 
LM245K 
LM248D 
LM248J 
LM249D 
LM249J 
LM258AH 
LM258H 
LM271H 
LM300F 
LM300H 
LM301AD 
LM301AF 
LM301AH 
LM301AJ 
LM301AJG 
LM301AL 
LM301AN 
-LM301AP 
LM302H 
LM304F 
LM304H 
LM304J 
LM304L 
LM304N 
LM305AH 
LM305AJG 
LM305AL 
LM305AP 
LM305F 
LM305H 
LM305JG 
LM305L 
LM305P 
EM306H 
LM307D 
LM307F 
LM307H 
LM307J.. . 
LM307JG 
LM307J-14 


Motorola 
Direct 
Replacement 


LM123K 


MLM224L 
MLM224L 


MLM239AL 
MLM239AL 
MLM239L 
MLM239L 


MC4741L 


MC4741L 


MLM258G 


MLM301AG 
MLM301AU 
MLM301AU 
MLM301AG 
MLM301AP1 
MLM301AP1 
MLM310G 


MLM304G 
MLM304G 


’ MLM305G 


-MLM3056 


MLM307G 
MtM307U 
MLM307U 
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Motorola 
Functional 
Equivalent 


MC7912CK | 


MC7915CK 
MC7918CK 
MC7924CK 

MC1555G 


MLM224L 
MLM224L 
MLM224L 


MLM224L 


MC1568G 
MC1568G 
MC1568G 


MC78LO5ACG 
MC78LO6ACG 
MC78LO8ACG 
MC78L12ACG 
MC78L15ACG 
MC78L18ACG 
MC78L24ACG 
MC78LO5ACP 
MC78LO6ACP 
MC78LO8ACP 
MC78L12ACP 
MC78L15ACP 
MC78L18ACP 
MC78L24ACP 
- MC15366 
MC7905CK | 


MC4741L 
MCA741L 
MLM258G 


- MC1590G 
MLM305G 
MLM305G 

MLM301AU 
MLM301AG 


MLM304G 
MLM304G 


MLM304G 
MLM305G 
MLM305G 
MLM305G 
MLM305G 
MLM305G 


MLM3086G . 
MLM305G | 
MC1710CG 


MLM307U 
MLM307G 


. MLM307U 


| LINEAR INTEGRATED CIRCUITS CROSS REFERENCE . _ 
Eee = a eset ‘ a Peta a =e 
. Direct Functional Direct Functional Direct Functional 
Part No. Replacement | | Equivalent "Part No. Replacement | Equivalent Part No. Replacement Equivatent 


LM307L MLM307G LM324N MLM324P MC3403P j} LM358L MLM358G 

LM307N MLM307P1 LM325AN MC1468L }} LM358N MLM358P1 

LM307P MLM307P1 LM325H MC1468G |} LM358P MLM358P1 

LM308AD MLM308AL LM325N MC1468L Hf LM363AJ MC3450L 
LM308AF MLM308AL |] LM326H MC1468G || LM363AN | MC3450P 
LM308AH MLM308AG LM326N MC1468L |} &M363) _ MC3450L 
LM308AH-1 MLM308AG |] LM328AN MC1468L || LM363N MC3450P 
~ LM308AH-2 MLM308AG i] LM328H _ MC1468G |} LM371H MC1590G 
LM308AJ MLM308AU LM328N MCL468L |} LM376JG MLM305G 
LM308D MLM308L LM339AD MLM339AL LM376L MLM305G 

LM308H " MLM308G LM339AN . MLM339AP LM376N | MLM305G 
LM308N MLM308P1 LM339N MLM339P LM376P MLM305G 
LM309H MLM309G LM340K-5.0 MC7805CK LM380N MC1384PQ 
LM309K MLM309K LM340K-6.0 MC7806CK | - LM381N MC1303P 
LM309KC MLM309K LM340K-8.0 MC7808CK LM382N MC1303P 
LM309LA MLM309K LM340K-12 MC7812CK LM384N MC1384PQ 
LM310D _ MLM310G j] LM340K-15 MC7815CK LM386N MC1306P 
LM310F MLM310G |] LM340K-18 _ MC7818CK LM388N MC1384PQ 
LM310H MLM310G LM340K-24 MC7824CK LM390N MC1384PQ 
LM310J-8 MLM310P1 |] LM340KC-5.0 MC7805CK LM555CH MC1455G 
LM310N MLM310P1 LM340KC-6.0 MC7806CK LMS555CN " MC1455P1 

LM3i1D MLM311L LM340KC-8.0 MC7808CK LM555H ‘| = MC1555¢ 

LM31LF MLM3LIF LM340KC-12 MC7812CK LM556CD MC3456L 

LM311H MLM311G LM340KC-15 MC7815CK LM556CJ MC3456L 

LM311N MLM311P1 LM340KC-18 . MC7818CK LMS556CN MC3456P 

LM311N-14 MLM31IL LM340KC-24 MC7824CK LM556D MC3556L _- 

LM312D MC1456L_ [} LM340LAH-5.0 MC78LO5ACG || LM556J MC3556L 

LM312F MC1456L |} LM340LAH-6.0 MC78LOGACG |} LM565CH MLMS565CP 
LM312H " -MC1456G || LM340LAH-8.0 MC78LO8ACG || LMS65CN MLMS65CP 

LM317H LM317H LM340LAH-12 MC78L12ACG || LMS65H MLMS565CP 
LM317K LM317K LM340LAH-15 MC78L15ACG || LM703LN MC1350P | 
LM317P LM317T LM340LAH-18 MC78L18ACG |] LM709AH MC1709AG 

LM317T LM317T LM340LAH-24 MC78L24ACG |] LM709AJ MC1709AL 

LM318D " MCI741SCL {] LM340LAZ-5.0 MC78LO5ACP |! LM709CH MC1709CG 

LM318F MCL741SCL |] LM340LAZ-6.0 MC78LOGACP 1! LM709CJ MC1709CL 

LM3I8H MC1741SCG {| LM340LAZ-8.0 MC78LO8ACP |] LM709CN MC1709CP2 

LM318N MC1741SCP1 fl LM340LAZ-12 MC78L12ACP |} LM709CN-8 MC1709CP1 

LM320H-5.0 MC7905CK }] LM340LAZ-15 = { MC78LI5ACP || LM709H MC1709G 

LM320H-5.2 MC7905 2CK {| LM340LAZ-18 MC78L18ACP || LM709J MC1709L 

LM320H-6.0 MC7906CK |] LM340LAZ-24 MC78L24ACP {i LM710CH MC1710CG 

LM320H-8.0 MC7908CK |} LM340T-5.0 MC7805CT LM710CN MC1710CP 

LM320H-12 MC7912CK |] LM340T-6.0 MC7806CT LM710H MC1710G 

LM320H-15 MC7915CK | LM340T-8.0 MC7808CT LM711CH MC17110G 

LM320H-18 MC7918CK |} LM340T-12 MC7812CT LM7110N “MCL711CP 

LM320H-24 MC7924CK |] LM340T-15 MC7815CT LM711H | ° MC1711G 

LM320K-5.0 MC7905CK {| LM340T-18 _MC7818CT LM723CD MC1723CL 

LM320K-6.0 MC7906CK |] LM340T-24 MC7824CT LM723CH MC1723CG 

LM320K-8.0 MC7908CK |} LM341P-5.0 MC78M05CT _ M7230) MC1723CL 

LM320K-12 MC7912CK || LM341P-6.0 MC78MO6CT LM723CN MC1723CP 

LM320K-15 MC7915CK }| LM341P-8.0 MC78MO8CT LM723D MC1723L 

LM320K-18 MC7918CK |] LM341P-12 MC78M1L2CT | ° LM723H MC1723G 

LM320K-24 : - MC7924CK f] LM341P-15 MC78M15CT LM723) MC1723t 

LM320MP-5.0 MC7905CT || LM341P-18 MC78M18CT LM733CD MC1733CL 

LM320MP-5.2 MC7905.2CT |} LM341P-24 MC78M24CT LM733CH MC1733CG 
LM320MP-6.0 MC7906CT || LM342P-5.0 MC78MO05CT -UM733C5 MC1733CL 

LM320MP-8.0 MC7908CT || LM342P-6.0 MC78MO6CT LM733CN MC1733CP 

LM320MP-12: : MC7912CT |} LM342P-8.0 MC78MO8CT LM733D MC1733L 

LM320MP-15 MC7915CT |} LM342P-12 MC78M12CT LM733H MC1733G 

LM320MP-18 MC7918CT |] LM342P-15 MC78M15CT LM733J MC1733L 
LM320MP-24 -MC7924CT |] LM342P-18 MC78M18CT LM741AD MC174iL 
LM320T-5.0 MC7905CT |] LM342P-24 MC78M24CT LM74.1AF MC1741F 
LM320T-5.2 MC7905.2CT jf} LM343D MC1436G |] “LM741AH ; . MC17416 
LM320T-6.0 MC7906CT |] LM343H MC1436G j] LM741AJ-14 f MC1741L 
LM320T-8.0 MC7908CT || LM345K MC7905CK |] LM741CD MC1741CL 
LM320T-12 MC7912CT |] LM348D MC4741L LM741CF MC1741CF 

LM3207-15 MC7915CT |] LM348) MC4741CL LM741CH MC1741CG 

LM3207-18 MC7918CT |} LM348N ; Mc4741CP |. {M741CJ MC1741CU 

LM3201-24 MC7924CT || LM349D , MC4741CL |} .LM7410J-14 MC1741CL 

LM322H MC1455G |} LM349J MC4741CL || LM741CN MC1741CP1 

LM322N MC1455P1_ [f LM349N ; MC4741CL || LM741CN-14 MC1741CP2 

LM323K LM323K LM358AH MLM358G || LM741D MC1741L- 

LM324AJ ; MLM3241. fl LM358AN er MLM358P1 ff LM741ED MC1741CL 
LM324AN MLM324P |] LM358H MLM358G LM741EH | MC1741CG 
“LM324J MLM324L MC3403L |] LM358JG MLM358U LM741EJ MC1741CU 
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"LINEAR INTEGRATED CIRCUITS CROSS REFERENCE | 
oi a ae = oo = ‘ai 
Direct Functional Direct Functional Direct Functional 
Replacement Equivalent Replacement Equivalent Replacement Equivalent 


LM741EJ-14 MC1741CL } LM3071N MC1399P |] LM75324N MC75325P 
LM741EN MC1741CP1 ‘j} LM3075N MC1375P LM75325J MC75325P 

LM741F MC1741F LM3086N MC3386P LM75325N MC75325L 

LM741H _ MC1741G LM3126 MC1399P_ |]. LM75450N MiC75450P 

LM 7415-14 MCL741L LM3146 MC3346P {| LM75451N MC75451P 

LM746N MC1323P_ |} LM3146A ; MC3346P |] LM75452N MC75452P 

LM747CD MC1747CL LM3301N MC3301P LM75453N MC75453P 

LM747CF MC1747CF LM3302J MC3302L LM75454N MC75454P 

LM747CH MC1747CG LM3302N MC3302P LM78L05ACH | MC78LO5ACG 

LM747CJ MC1747CL LM3401N MC3401P || LM78LOSACZ MC78LOSACP 

LM747CN MC1747CP2 LM3900N MC3401P || LM78LO5CH MC78LO5CG 

LM747D MC1747L LM3905N MC1455P1 {1 LM78L05CZ ' MC78LO5SCP 

LM747F MC1747F LM4250CH MC1776CG || LM78LO8ACH MC78LO8ACG 

LM747H MC1747G LM4250CN MCI1776CP1 |i LM78LO8ACZ MC78LO8ACP 

LM7473 MC1747L LM4250H MC1776G |} LM78LO8CH -MC78LO8CG 

LM748¢CH MC1748CG LM5524) MC5524L LM78L08CZ . | MC78LO8CP 

LM7480) MC1748CU M5525) MC5525L LM78L12ACH MC78L12ACG 

LM748CN MC1748CP1 LM5528) MC55281L LM78L12ACZ MC78L12ACP 

LM748H MC1748G LM5529J MC5529L LM78L12CH MC78L12CG 

LM748) MC1748U M5534) MC5534L LM78L12CZ MC7BLI2CP - 

LM1303N MC1303P LM5535J MC5535L LM78L15ACH MC78L15ACG 

LM1307N MC1307P LM5538) MC5538L LM78L15ACZ MC78L15ACP 

LM1310N MC1310P LM5539J MC5539L LM78L15CH MC78L15CG 

LM1351N MC1351P LM7524) MC7524L LM78L15CZ MC78L15CP 

LM1391N MC1391P LM7524N MC7524P LM78L18ACH . | MC78L18ACG 

LM1394N MC1394P LM7525J MC7525L LM78L18ACZ MC78L18ACP 

LM1414) MC1414L LM7525N MC7525P | - LM78L18CH MC78L18CG 

LM1414N MC1414P LM75285 MC7528L LM78L18CZ MC78L18CP 

LM1458H MC1458G LM7528N MC7528P LM78L24ACH MC78L24ACG 

LM1458J MC1458U LM7529) MC7529L LM78L24ACZ MC78L24ACP 

LM1458N MC1458P1 ‘i LM7529N MC7529P LM78L24CH MC78L24CG 

LM1458N-14 MC1458P2 LM7534J MC7534L : LM78L24CZ MC78L24CP 

LM1488) MC1488L LM7534N MC7534P. -MC1310A MC1310P 

LM1489AJ MC1489AL LM7535) MC7535L MC1408B MC1408P8. 

LM1489) MC1489L LM7535N MC7535P MC1408F MC1408L8 

LMi496H MC1496G ~ i LM7538) MC7538L MC1458JG MC1458U 

LM1496J MC1496L LM7538N MC7538P MC1458L MC1458G 

LM1496N MC1496P LM7539J MC7539L MC1458P MC1458P1 

LM1514J MC1514L LM7539N MC7539P J. MC1558JG MC1558U 

LM1558H MC1558G LM7805KC MC7805CK MC1558L MC1558G 

LM1558) MC1558U LM7806KC MC7806CK MH0026H ; MMH0026CG 
LM1596H MC1596G LM7808KC MC7808CK MH0026CH MMHO0026CG 

LM1596) | MCI596L LM7812KC MC7812CK MHO026CN MMHO0026CP1 

LM1800AN MC1310P }} LM7815KC MC7815CK MH0026G MMHO026CG - 
LM1800N MC1310P {| LM7818KC MC7818CK MH0026CG - MMH0026CG 
LM1805 MC1385P° I} LM7824KC MC7824CK MHO026F MMH0026CL 
LM1808N TDA1190Z |} LM55107A) “ MC55107L MH0026CF MMHO0026C1 
LM1828N MC1323P |] LM55108AJ MC55108L MIC709-1 MC1709G 

LM1841N MC1356P LM55109J ° MC75110L || MIC709-5 MC1709CG 

LM1845N MC1344P f LM55110) | MC75110L ff MIC710-18 MC1710F 

LM1848N MC1323P ff LM55121J ~ — MC8T13L |} MIC710-1C MC1710G 

LM1850N MC3426L |] £M55122! — MC8T14L ff} MIC710-58 MC1710CF 

LM1900D e MC3301L j} LM55123) MC8T23L {| MIC710-5C MC1710C6 - 

LM2111N- MC1357P LM55124) MC8T24L || MIC711-1B  MCL7LIF 

LM2113N MC1357P jf LM55325N MC55325L MIC711-1C MC1711G 

LM2900J MC3301L || LM75107AJ MC75107L MIC711-5B MC1711CF 

LM2900N MC3301P |] LM75107AN MC75107P MIC711-5C | MC1711CG 

LM2901N MLM2901P LM75108AJ MC75108L MIC712-1B MC1712F 

1M2902) MLM2902L LM75108AN MC75108P MIC712-1C - MC1712G 

1M2902N MLM2902P LM75110J MC75110L -MIC712-1D MC1712L 

LM2904N MLM358P1° |] LM75110N MC75110P MIC712-5B MC1712CF 

LM2905N MC1455P1 |} LM75121J , MC8T13L _ fP MIC712-5¢ MC1712CG 

LM2907N MC3315P {| LM75121N - MC8T13P MIC712-5D - MC1712CL 

LM2917N MC3315P |} LM75122J MC8T14L MIC723-1 MC1723G 

LM3011H MC15506 || LM75122N MC8T14P MIC723-5 MC1723CG 

LM3026 CA3054 I} LM75123) MC8T23L MIC741-1C MC1741G 

1M3045 MC3346P |} LM75123N MC8T23P MIC741-1D MC174iL 

LM3046N MC3346P LM75124) MC8T24L MIC741-5C MC1741CG 

LM3054 CA3054 iM75124N MC8T24P MIC741-5D MC1741CL 
LM3064N MC1364P LM752074 MC75107L |} MLIOLAF MLM1O1AG 
LM3065N MC1358P LM75207N ° - {| MC75107P {| MLIO1AM MLM101AG 
LM3066N MC1399P jf LM75208) MC75108L {| MLIOLAT MLM101AG 

LM3067N MC1323P jf LM75208N MC75108P jf MLIOIF : MLM101AG 


LM3070N MC1399P | LM75324) ~ |» MC75325L j} ML10iM MLM101AG 
@) MOTOROLA Semiconductor Products Inc. 
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Direct _ Functional Direct Functional Direct Functional 
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MLIOIT . MLM101AG ML741CP MC1741CP2 1 N7525B MC7525P 
MLILO7F ~ MLM 1076 ML741CS MC1741CP1 |) N8T13B MC8T13P 

ML107M MLM107G ML741CT MC1741(G N8T13P MC8T13L 

“MLLO7T MLM107G ML741F MC1741F . N8T14B MC8T14P 

ML108AF MC15566 ML741M -MC1741L N8T14E MC8T14L ; 
ML108AM MLM108AL ML741T MC1741G J} N8TI5A MC1488L 
ML108AT MLM108AG ML747CP MC1747CL t N8T15F MC1488L 
ML108M - MLM108L ML747CT MC1747CG N8T16A ~ MC1489L 
ML108T MLM108G ML747F MC1747F N8123B MC8T23P 

MLLILIF MLM111F ML747M MC1747L N8T23E MC8T23L 

MLM MLMLLIL ML747T MC1747G N8124B MC8T24P 

ML111S MLM LLL ML748CP MLM301AP1 || .N8T24E MC8T24L 

MLILIT MLM111G ML748CS MLM301AP1 N8T26AB MC8T26AP 

ML118F _ |. MC1741SG | ML748cT MC1748CG N8T26AE MC8T26AL 

ML118M MC1741SG || MIiL748F MC1748G_ || N8T26B MC8T26P 

ML118T MC1741SG ML748M MC1748G_ || N8128B MC8T28P 

ML201AF MLM201AG I} ML748T MC1748G N8T37A MC3437P 

ML201AM MLM201AG ML1436T MC1436G N8T38A « . MC3438P 

~ ML201AT - MLM201AG ML1437P MC1437P N8T95B MC8T95P 

ML201F MLM201AG Hl ML1458P MC1458P2 N8T95F — MC8T95L 

ML201M MLM201AG || ML1458S MC1458P1 N8T96B MC8T96P 

ML201T MLM201AG ML1458T MC1458G N8T96F | MC8T96L 

ML207F MLM207G |] ML1488M MC1488L N8T97B MC8T97P 

ML207M MLM207G |} ML1489AM MC1489AL N8T97F MC8T97L 

ML207T -MLM207G ML1489M MC1489L N8T98B MC8T98P 

ML208AF MC1556G |] ML1536T MC1536G N8T98F MC8T98L 

ML208AM =—-sd|»: MLM208AL ML1537M MC1537L NE5O1A MC1733CL 
ML208AT MLM208AG ~ |} ML1558M MC1558L NE501K MC1733CG 
ML208M MLM208L ML1558T MC1558G NE515A MC1420G 
ML208T MLM208G ML3046P MC3346P NE515G MC1520F 
ML211F MLM211F ML4250T -MC1776G |} NE515K MC1420G 
ML211M MLM211L JML4250CS : - MC1776CG NESI6A - MC1420G 
ML211S MLM211P1 _ |} ML4250¢cT MC1776CG_ || NE516G MC1520F 
ML211T MLM211G ML4251T MC1776G |] NES16K MC1420G 
ML218F MC1741SG_ | ML4251CS MC1776CG || NE528B MC1444L 
. ML218M MC1741SG } ML4251CT MC1776CG || NE528E MC1444L 
ML218T MC1741SG || ML6503M MC1537L ||. NE531G MC1439G 
ML301AP MLM301AP1 ML7503M MC1437L_ |} NE531T MC1439G 
ML301AS MLM301AP1 N5065A MC1358P NE531V MC1439P 
ML301AT MLM301AG N5070B _ MC1399P_ |} NE533G MC1776CG 
ML301P MLM3OIAPI* || NSO7IA - MC1399P || NE533T MC1776CG 
ML301S MLM301AP1 N5072A ‘ MC1323P | NE533V MC1776CG 
ML301T . | MULM301AG N5556T MC1456G .NE537G MC1456G 
- ML307P MLM307G |) N5556V MC1456P1 ‘NE537T -  MC14566 
ML307S _ | MLM307P1 ‘ N5558F MC1458L NE540L MC1554G 
ML307T MLM307G N5558T MC1458G NE550A MC1723CP 
ML308AM MLM308AL N5558V MC1458P1 NE550L MC1723CG 
ML308AT ‘| MLM308AG N5595A MC1495L NE555JG MC1455U 

ML308M MLM308L N5595F MC1495L NE555L MC1455G 

ML308T MLM308G N5596A _ MC1496L NESS5P MC1455P1 

ML311M MLM311L N5596K MC1496G - NE555T MC14556 - 

ML3I1P -MLM311L N5709A | Mc1709CP2 NE555V MC1455P1 

ML311S ’  MLM311P1 N5709G MC1709CF NE556A MC3456P 

ML3LIT MLM311G N5709T MC1709CG NE5561 MC3456L 

ML318M MC1741SCP1 N5709V MC1709CP1 NE565A MLM565CP 2 
ML318T MC1741SCG |] N5710A MC1710CP. | ~~ “i NE565K MLM565CP 
ML709AF MC1709AF N5710T MC1710CG NE592A NE592L 

ML709AM MC1709AL N5711A MC1711CP NE592K NE5926 

ML709AT MC1709AG NS5711K MC1711CG OP-01C x MC1536 
ML709CP MC1709CP2 N5723A MC1723CP || OP-01G MC1536 | - 
MLT09CT MC1709CG : N5723T MC1723CG OP-01H MC1536 
ML709F MC1709F N5733K MC1733CG OP-01J MC1536G 
ML709M MC1709L : N5741A_ . MC1741CP2 OP-O1L MC1536G 
ML709T .MC1709G. - N57411 MC1741CG OP-O1P MC1536P 
ML723CF MC1723CL N5741V MC1741CP1 OP-08 ; MC1776 
ML723CM MC1723CL N5747A MC1747CL OP-08A MC1776 
ML723CP MC1723CL -} NS747F | : MC1747CL ' OP-08B : MC1776 
ML723CT MC1723CG : N5748A ‘ MC1747CG_ |} OP-08C MC1776 
ML723F MC1723L ]| N5748T MC1748CG OP-08E MC1776 
ML723M ; MC1723L N7520B ~ MC7520P PA239A | ~MC1303P 
ML723T MC1723G : N7521B “MC7521P RC702T | MC1712CG 

ML741AF ‘|. .MC1556G N7522B MC7522P. RC709D : MC1709CL 

ML741AM MC1556G “}] 75238 - | MC7523P _ RC7O9DN MC1709CP1 

ML741AT , MC1556G N7524B i MC7524P RC709DP *MC1709CP2 
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RC709Q__Si; MC1709CF . RM709D MC1709L SG10IT . MLM101AG 

RC709T MC1709CG RM709Q MC1709F_ $G102J MLM110G 
_ RC710DC MC1710CL RM709T MC1709G $G102T MLM110G ; 

RC710DP MC1710CP RM7100 MC1710L $G104T MLM104G 

RC710Q MC1710CF RM710Q MC1710F ; SG105N “MLM105G . 

RC710T MC1710CG RM710T MC1710G $G105T MLM105G ; 

RC7110C MC1711CL RM7110C MC1711L $G107) MLM107G. . 

RC7110P MC17110P : RM711Q MC1711F $G107T MLM107G 

RC7119 ‘MC1711CF ; RM711T MC1711G SG108AJ MLM108AL 

RC711T MC1711CG_ ; RM723D MC1723L : SG108AT MLM108AG 

RC723D MC1723CL RM723T : MC1723G $G108) - MLM108L 

RC723T - MC1723CG RM733D ~ MC1733L $G108T MLM108G 

RC733D MC1733CL RM733T MC1733G SG109K MLM109K 

RC733T MC1733CG RM741D MC1741L : SG109T MLM109G_ - 

RC741D MC1741CL- ~ RM741DP MC1741P : SG110D . ; MLM110G 
~ RC7410N MC1741CP1 RM741Q MC1741F SG110T MLM110G ’ 

RC741DP MC1741CP2 ‘ RM741T MC1741G $G111D MLMILIL 

RC7419 MC1741CF ; RM747D MC1747L : SG111M MLM111P1 

RC741T MC17410G RM747T MC1747G : $G111T MLM111G 

RC747D0 . MC1747CL ‘ RM748T MC1748G. $G118J ; MC1741SL 

RC747T - MC1747CG RM1514DC MC1514L $G118T MC1741SG 

RC748T : MC1748CG “}} RM1537D MC1537L $G120K-05 : MC7905CK 

RC14140C. MC1414L RM4136D : MC3503L $G120K-5.2 MC7905.2CK. 

RC1414DP MC1414P_ RM4136) MC3503L $G120K-12 MC7912CK 

RC1437D | MC1437L RM4195T , : MC1568G $G120K-15 MC7915CG 

RC1437DP MC1437P RM4195TK ; MC1568R |} SG120T-05 MC7905CT 

RC1458DN MC1458P1 RM4558D MC4558U $G120T-5.2 MC7905.2CK 

RC1458T MC1458G RM4558JG MC4558U $G120T-12 MC7912CT 

RC1488DC MC1488L RM4558L MC4558G $G120T-15 MC7915CT 

RC1489ADC MC1489AL RM4558T MC4558G $G124J MLM124L 

RC1489DC MC1489L RM55107AD MC55107L $G140K-05: MC7805CK 

RC1556T MC1456CG RM55325DD MC55325L $G140K-06 ? MC7806CK 

RC1558T MC1558G RV3301DB MC3301P $G140K-08 MC7808CK 

RC3302DB MC3302P $5556T * MC1556G $G140K-12 MC7812CK 
- RC4131DP MC1471SCP1 $5558E MC1558L. SG140K-15 MC7815CK 

RC4131T MC1741SG $5558T . MC1558G - |. $G140K-18 MC7818CK 

RC4136D MC3403L || S5596F MC1596L SG140K-24 . MC7824CK 

RC4136DP ; MC3403P *$5596K MC1596G $G200T MC1723G 

RC4136) MC3403L $5709G MC1709F $G201AD MLM201AG 

RC4136N . - MC3403P $5709T , ~ -MC1709G $G201AM -MLM201AP1 

RC4195T : MC1468G $5710T MC1710G SG201AN ; MLM201AP1 

RC4195TK MC1468R S5711K MC1711G SG201AT MLM201AG ~ 

RC4444R MC3416L $5723T MC1723G $6201) MLM201AG 

RC4558DN . MC4558CP 1 $5733K MC1733G : S$G201M MLM201AP1 : 

RC4558)G MC4558CU $5741T 1  MC1741G $G201N MLM201AP1 
RC4558L MC4558CG S8T13E ie MC8T13L $G201T MLM201AG 

RC4558P . MC4558CP1 . S8T14E MC8T14L $6202) ; MLM210G 

RC4558T MC4558CG ; SE501K MC1733G SG202M MLM210G 

RC4739D ‘ MC1303P SE515G i MC1520F $G202N ; MLM210G 

RC4739DB R MC1303P Hi. SE515K MC1520G $G202T MLM210G 

RC4739DP MC1303P SE516A MC1520G $G204T ; MLM204G 

RC7522M MC7522L SE516G ' MC1520F $G205N MLM205G 

RC7523M MC7523L SE516K MC1520G $G205T MLM205G 

RC7524M MC7524L SE528E MC1544L ‘1 $G207J . . MLM207G 

RC7525M | MC7525L SE528R : MC1544L $G207M MLM207G © 
| ~RC8TI3DD ~ MC8T13L SE531G MC1539G $G207N o MLM207G | 

RC8T13MP MC8T13P : SE531T ’ MC1539G $G207T : MLM207G 

RC8T14DD . MC8T14L ao SE533G J _ MC1776G SG208A) MLM208AL 

RC8T14MP | MC8T14P SE533T MC1776G SG208AM ~ MLM208AU 

RC8T23DD MC8T23L. SE537G - MC1556G SG208AT MLM208AG 

RC8T23MP MC8T23P SE537T MC1556G $G208J MLM208L 

RC8T24DD MC8T24L SE550L MC1723G $G208M MLM208U 

RC8T24MP MC8T24P SE555JG_ ~ MC1555U S$G208T MLM208G 

RC75107AD MC75107L SE555L MC1555G : SG209K MLM209K - 

RC75107ADP MC75107P SE555T sis .MC1555G $G209T MLM2096 

RC75108AD MC75108L SE556A 7 MC3556L $G2100 ; MLM210G 

RC75108ADP MC75108P - SE565A MLM565CP $G210M MLM210G 

RC75109D MC75110L j| SE565K : MLM565CP SG210N- MLM210G 

RC7S109DP |} i. MC75110P SE592A SE592L $G210T MLM210G 

RC75110D MC75110L . SE592K . SE592G $G211D MLM211L 

RC75110DP MC75110P $G100T MC1723G $G211M MLM211P1 

RC75325DD MC75325L : ; $G101AD MLM101AG SG211T MLM211G - 

RM702Q MC1712F SG1OLAT MLM101AG $6218) MC1741SL 

RM702T MC1721G t ‘$G101J ; MLM101AG SG6218M MC1741SL 
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$G218T MC1741SG |} SG7LICT MC17110G SG1501T MC1568G 

$6224). MLM224L §G7110 MCI7LIL $G1502D MC1568L 
$G224N MLM224P SG711F | MC1711F $G1502N MC1568L 
SG300N MC1723CP || SG711N MC1711P §G1524) MC3520L 
$G3007, MC1723CG }} SG711T _| MC17116 §G1536T MC1536G 

$G301AD MLM301AG |] $G723CD MC1723CL SG1556T  ——«||’-s MC1556G 

SG301AM MLM301AP1 §G723N MC1723CP SG1558T MC1558G 

SG301AN MLM301AP1 jl SG723CT  - MC17230G §G1595D MC1595t 

$G301 AT MLM301AG $G7230 MC1723L SG1596D MC1596L 

$6302) ; MLM310P1 |] $G723T MC1723G SG1596T MC1596G 

$G302M MLM310P1 $G733CD MC1733CL SG1660D MLM301AG 
$G302N MLM310P1 {| SG733CN MC1733CP |} SG1660) MLM308L 
$G302T MLM310G $G733CT MC1733CG SG1660M -MLM308P1 
$G304T MLM304G §G733D .. MC1733L SG1660T MLM308G 
SG305AT MLM305G jl SG733N MC1733L |} SG1760D MLM307G 
SG305N MLM305G jl SG733T MC1733G $G1760F .| — MLM3076 
$G305T MLM305G $G741CD MCI741CL $G1760) MLM308L 
$G307J MLM307P1 {| SG741CF MC1741CF $G1760M MLM308P 1 
' $G307M MLM307P1 SG741CM MC1741CP1 $G1760T MLM308G 
SG307N MLM307P1 |] SG741CN MC1741CP2 SG2118AJ MLM208AL 
$G307T MLM307G $G741CT MC1741CG $G2118AM MLM208AU 
SG308A) MLM308AL $G741D MC1741L SG2118AT MLM208AG 
$G308AM MLM308AP1 SG741F MC1741F §G2118) MLM208L 
SG308AT MLM308AG SG741T MC1741G $G2118M MLM208U 
$6308) MLM308L SG741SCM MC1741SCP1 $G2118T MLM208G 
$G308M MLM308P 1 SG741SCT MC1741SCG $G2250T " MC1776G 
$G308T MLM308G SG741ST MC1741SG $G2401N MC1433G 
$G309K MLM309K $G747C) MC1747Ct $G2402N MC1494L 
$G309T MLM309G SG747(N MC1747¢P2 $G2402T MC1494L 
$G310D MLM310P1 |! SG747CT MC1747(G $G2501AD MC1468L 
SG310M MLM310P1 $G747) MC1747L SG2501AT MC1468G 
SG310N : MLM310P1 |} SG747T MC1747G $62501D MC1468L 

SG310T MLM310G $G748CD MC1748CP1 |} SG2501N MC1468L 

$G311D MLM311L SG748CM MC1748CP1 |} SG2501T MC1468G 

SG311M MLM311P1 SG748CN MC1748CP1 || SG2502D MC1468L 
$G311T MLM311G SG748CT MC1748(G $62502N  MC1468L 
$G318J MC1741SCL |] SG748D MC1748G_ |} SG2502T MC1468G 
$G318M ; MC1741CP1 |} SG748T MC1748G $G2524J MC3520L 
$G318T MC1741CG- |} SG777CJ MLM308AL |} SG3118AJ MLM308AL 
$G320K-05 MC7905CK |} SG777CM MLM308AP1 |} SG3118AM MLM308AP1 
$G320K-5.2 MC7905.2CK |} SG777CN MLM308AP1 |] SG3118AT MLM308AG 
$G320K-12 MC7912CK |} SG777CT MLM308AG |] $G3118J ; MLM308L 
$G320K-15 MC7915CK || $G777J MLM108AL |} SG3118M MLM308P1 
$6320T-05 MC7905CT |} SG777T MLMLO8AG |} SG3118T MLM308G 
$G320T-5.2 MC7905.2CT |} SG1118AJ MLMIO8AL |} SG3250T MC1776G 
$G320T-12 MC7912CT jf SG1118AT MLMLO8AG - | SG3401N MC1433G 
SG320T-15  - MC7915CT I} SG1118J MLM108L |} SG3401T MC1433G 
$6324) MLM324L - Hl SG1118T MLM108G |] SG3402N MC1494L 
SG324N MLM324P $G1217 MC1741G |) SG3402T MC1494L 
SG340K-05 MC7805CK $G1217J MC1741SL || SG3501AD MC1468L 

SG340K-06 MC7806CK $G1217T. MC1741SG || SG3501AT MC1468G 

$G340K-08 MC7808CK $G1250T MC1776G -|] SG3501D MC1468L 

SG340K-12 MC7812CK SG1401N MC1533G |] SG3501N MC1468L 

SG340K-15 MC7815CK SG1401T MC1533G || SG3501T MC1468G 

SG340K-18 MC7818CK SG1402N MC1594L |} SG3502D ; MC1468L 
SG340K-24 MC7824CK $G1402T : MCL1594L || $G3502G MC1468G 
SG555CM MC1455P1 $G1436CT MC1436CG $G3502N MC1468L 
SG555CT | MC1455G $G1436M MC1436U “IT $3524) MC3420L 
SG555T MC1555G SG1436T MC1436G $G42500M MC1776CP1 
$G556C) MC3456L SG1456CT MC1456CG $G4250CT MC1776CG 
SGS56CN “1 MC3456P SG1456T MC1456G |. $G4250T ‘MC1776G 
$G556J ~MC3556L §G1458M MC1458P1 §G4501D MC1468L mee 
SG556N MC3556L A} $G1458T MC1458G SG4501N MC1468L 

SG710C0D MC1710CL $G1468) MC1468L SG4501T MC1468G 

SG710CF | MC171OCF SG1468N MC1468L | $G7524) MC7524L 

SG7IGCN MC1710CP SG1468T MC1468G $G7524N ‘. | MC7524P 

SG710CT . MC1710CG $G1495D MC1495L $G7525J MC7525L 

$G710D MC1710L : SG1495N MC1495L $G7525N MC7525P 

SG710F MC1710F SG1496D MC1496L $G75285 MC7528L 

SG710N MC1710P SG1496N . MC1496L {| SG7528N MC7528P 

SG710T MC1710G $G1496T MC14966 $G7529). MC7529L 

SG7110D MCI71ICL “H} SGL50IAD . MC1568L || SG7529N MC7529P 

SG7LICF MCL7LICF SG1501AT MC1568G || SG7805CK MC7805CK 

SG7LICN MC1711CP §G15010 MC1568L : SG7805K MC7805CK 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE | | 
eae Motorola Motorola ax Motorola Motorola a; Motorola | coe | 
Direct Functional Direct © Functional Direct Functional 
Replacement Equivalent Replacement Equivalent Replacement Equivalent 


$G7806CK MC7806CK S$N52709L MC1709G $N72710) MC1710CL 
SG7806K MC7806CK |} SN52710FA MC1710F SN72710L, MC1710CG 

$G7808CK MC7808CK $N52710) MC1710L SN72710N MC1710CP 

S$G7808K MC7808CK ‘|| SN52710L MC1710G SN72711J MC171iCL 

$G7812CK MC7812CK SN52711FA MC1711F SN72711L MC1711CG 

$G7812K MC7812CK |} SN52711J MCI71IL |} SN72711N MC1711CP 

$G7815CK MC7815CK Pane i} SNS52711L MC1711G $N727205 MC1710CL 
$G7815K MC7815CK jl SN52723FA MC1723F $N72720L - MC1710CG 
$G7818CK MC7818CK $N52723) MC1723L SN72720N .MC1710CP 
SG7818K om MC7818CK # SN52723L MC1723G $N72723) MC1723CL 

$G7824CK MC7824CK $N52733J MC1733L SN72723L MC1723CG 

SG7824K MG7824CK || SN52733L MC1733G SN72733J MC1733CL 

SHO013HC MMH0026CG |) SN52741FA MC1741F $N72733L MC1733CG 

SHOO13HM MMHO0026G || SN52741) MC1741L SN72741FA MC1741CF 

SH2001FC MC75462P |} SN52741L MC1741G SN72741) MC1741CL 

SH2001FM MC75462P || SN52747FA MC1747F $N72741L MC1741CG 

SH2001HC MC75462P |} SN52747) MC1747L ] SN72741N MCL741CP2 

$H2001HM MC75462P |] SN52747L MC1747G SN72741P MCL741CP1 

SH2002FC MC75462P | SN52748L MC1748G ; SN72747FA MC1747CF 

SH2002FM MC75462P 11 SN52770L MC1556G |] SN72747) MC1747CL 

SH2002HC MC75462P |] SN52771L ; MC1556G | SN72747L MC1747CG 

SH2002HM MC75462P |] SN52810FA MC1710F || SN72747N MCL747CP2_ | 

SH2002HC MC75462P |] SN528105 MC1710L I} SN72748L MC1748CG 

SH2200FC MC75462P | SN52810L MC17106 |] SN72748P MCL748CP1 
SH2200FM MC75462P | SN52811FA MCI7LIF |] SN72770L MC1456G 
SH2200HC -MC75462P Il SN52811J MCI711L |] SN72771L MC1456G 
SH2200HM MC75462P I} SN52811L ; MC1711G 1}. SN72810FA MC1710CF 
SH2200PC MC75462P ll SN55107A) MC55107L SN72810J MC1710CL 
SH8090FM MC1508L8 |! $SN55107BJ MC55107L |} SN72810L MC1710CG 
SN5510FA MC1510F SN55108AJ MC55108L SN72810N MC1710CP 
SN5510L MC1510G SN55108B) MC55108L SN72811FA MC1711CF 
$N5522) MC5522L SN551095 MC75110L $N72811) MC1711CL 
$N5523! MC5523L $N55110J MC75110L }) SN72811L MC1711CG 
SN5524J MC5524L °SN55232) .MC5534L |] SN72811N MC1711CP 
SN5525J Y MC5525 $N55233) MC5535L |] SN72905 MC7905CP 

$N5528) MC5528L $N55234J MC5524L |! SN72906 MC7906CP 

$N55295 MC5529L $N55235J MC5525L fl SN72908 MC7908CP 

SN7510FA MC1410F $N55238J MC5538L |} $N72912 MC7912¢CP 

$N7524J MC7524L $N55239) MC5539L |} SN72915 MC7915CP 

SN7524N MC7524P $N55244) MC1544L SN72L022P _MLM358P1 
$N7525) MC7525L $N55325J MC55325L ; SN72L044JA MLM324P 
SN7525N MC7525P SN72301AL MLM301AG — fl SN72L044N : MLM324P 
$N7528J 1 MC7528L SN72301AP . MLM301AP1 SN75107AJ MC75107L 

SN7528N MC7528P SN72304. -| MLM304G SN75107AN © MC75107P | . 

‘SN7529) MC7529L. SN72305AL MLM305G || SN75i07BJ MC75107L 
SN7529N MC7529P 5N72305L _ MLM305G SN75107BN ~ MC75107P 
SN52101AL MLM101AG $N723065 MC1710CL j} SN75108AJ MC75108L 

SN52104L MLM104G SN72306L MC1710CG {1 SN75108AN MC75108P 

SN52105L MLM105G SN72306N MC1710CP || SN75108BJ MC75108L 
~ SN52106FA MCI710F |} SN72307L MLM307G SN75108BN . MC75108P 
SN52106J MC1710L |} SN72308AL MLM308AG $N75110J MC75110L 

SN52106L MC1710G |} SN72308L MLM308G SN75110N MC75110P 

SN52107L MLM107G SN72309L MLM309G $N75121) MC8T13L 

SN52108AL MLM108AG SN72310L MLM310G SN75121N MC8T13P 

SN52108L MLM108G $N72311L MLM311G $N75122) MC8T14L 

SN52109L MLM109G SN72311P MLM311P Sad SN75122N MC8T14P 

SN52110L MLMIL0G $N72376L MLM305G |} SN75123J MC8T23L 

’ SN52510FA MC1710F | SN72440) . MC3370P Ht SN75123N MC8T23P 

$N52510J MCI710L 1} SN72440N MC3370P || SN75124) MC8T24L 

SN52510L MC1710G: } SN72510) MC1710CL }} SN75124N MC8T24P 
SN52514J MC1514L $N72510L MC1710CG {| SN75138N MC3443P 
SN52555L MC1555G $N72510N MCI710CP || SN75138), MC3443P 
§N52558L MC15586 SN72514) MC1414L || SN75140P MC75140P1 

SN52702AFA MC1712F (ff SN72514N MC1414P |] SN75150) MC1488L 
SN52702AJ MCI712L | SN72555L ‘MC1455G SN75150N MC1488L 
SN52702AL -MC1712G I} SN72555P MC1455P1 $N75154J MC1489L 
SN52702FA MC1712F e SN72558L MC1458G SN75154N a MC14891 
$N52702J MC1712L SN72558P ~ MC1458P1 ped en MC1488L 

“SN52702L MC1712G $N72702) MC1712CL $N75188N MC1488L 

SN52709AFA MC1709AF $N72702L MC1712CG SN75189A5 MC 1489AL 

SN52709AJ MC1709AL $N72709) MC1709CL SN75189J MC1489L 

$N52709AL MC1709AG $N72709L MC1709CG SN75189AN MC1489AL 

SN52709FA MC1709F SN72709N MC1709GP2 |} SN75189N - MC1489L 


$N52709) MC1709L SN72709P . MC1709CP1 SN75207) ~ MC75107L 
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SN75207N 
SN75208J 
-§N75208N 
$N75232) 
SN75232N 
SN75233J 
SN75233N 
$N75234J 
$N75234N 
$N75235) 
SN75235N 
SN75238) 
SN75238N 
$N75239) 
SN75239N 
SN75261N 
_ §N75322N 
SN75362P 
SN753651 
SN75365N 
SN75368) 
SN75368N 
SN75369P 
SN75450A/ 
~ SN75450AN 
SN75450BN 
SN75450N 
SN75451AP 
SN75451P 
SN75452P 
SN75453P 
SN75454P 
SN75460AJ 
SN75460AN 
SN75461 
SN75461AP 
SN75462 
SN75462AP 
SN75463 
SN75463AP 
 SN75464 
SN75464AP 
SN75461N 
SN75466) 
SN75466N 
SN75467! 
SN75467N 
SN75468) 
SN75468N 
SN75475P 
~ SN75475)G 
SN75491N 
SN75492N 
SN76000P 
SN76005ND 
SN76011ND 
SN76021ND 
SN76024ND 
SN76104N 
SN76105N 
SN76111N 
SN76113N 
SN76115N 
SN76116N 
SN76117N 
SN76130N 
SN76131N 
SN76149N, 
SN76242N 
SN76243N 
SN76246N | 
SN76298N 
SN76514L 
SN76514N 


_ Motorola 
Direct 


Replacement 


MC75365L 
MC75365P 
-MC75368L 
MC75368P 
MMHO0026CP 
MC75450L 
MC75450P 


MC75450P2 
MC75451P 
MC75451P 
MC75452P 


MC75453P — 


MC75454P 
MC75460L 
MC75460P 
MC75461 
MC75461P 
MC75462 
MC75462P 
MC75463 
MC75463P 
MC75464 
MC75464P 
MC75491P 
MC1411L 
MC1411P 
MC1412L 
MC1412P 
MC1413L 
MC1413P 
. MC1472P1 
MC1472U 
MC75491P 
MC75492P 


MC1310P 


MC1398P 
_MCL496P 


Motorola 
Functional 
Equivalent 


MC75107P 
MC75108L 
- MC75108P 
MC7534L 
MC7534P 
MC7535L 
MC7535P ’ 
MC7534L. 
MC7534P 
MC7535L 
MC7535P 
MC7538L 
MC7538P 
MC7539L 
MC7539P 
MC3461L 
MC3460P 
MMHO0026CP 


MC75450P2 


MC1306P 
MC1384PQ 
MC1384PQ 
MC1384PQ 
MC1384PQ 

MC1310P 

MC1310P 


MC1310P 


MC1310P 


MC1310P 
MC1310P 
MC1303P 
MC1303P 
MC1303P 
MC1399P 


MC1399P ~ 
MC1323P 


~ MC1496G 


SN76530P 
SN76564N 
SN76565N 
SN76591P 
SN76594P 
SN76600P_. 
SN76642N 
SN76644N 
SN76650N 
SN76651N 
SN76653N 
SN76660N 
SN76665N 
SN76666N 
SN76669N 
SN76675N 
SN76678P 
SSSLOLAL 
SSS101AJ 
SSS1O1AP 
SS$107) 
SSS107P 
SSS201AJ 
SSS201AL 
SSS201AP 
$$S207J 
$SS207P 
SSS301AJ 
SSS301AL 
SSS301AP 
SSS741BJ 
SSS741BL 
SSS741BP 
SSS741C5 
SSS741CL 
SSS741CP 
$SS741GJ 
$SS741GP 
$S$741) 
SSS741L 
$S$741P 
SSS747B2 
SSS747BP 
SSS747CK 
SSS7470M 
$SS747CP 
SSS747GK 
SSS747GM 
$SS747GP 
SSS747L 
$SS747P 
$SS1408A-62 
SSS1408A-7Z 
SSS1408A-82 
SSS1508A-82Z 
SSS1458J 
$S$1558J 
TAA630 
TBA120S 
TBA440 - 
TBA520 
TBA800 
TBA810AS 
TBA810S 
TBA920 
TBA920S 
TBA940 
TBA950 
TBAS90 
TBA1190Z | 
“TLO2205G 
TLO22CL 
TLO2Z2CP 
TLO22MJG 


Motorola 
Direct 


Replacement 


MC1330P 
MC1364P 
MC1364P 
MC1391P 
MC1394P 
MC1350P 
MC1357P 


MC1352P 
MC1351P 


MC1364P 
MC1358P 


_ MC1356P 


MC1375P 


MLM101AG 
MLM107G 
MLM201AG 


MLM207G 
MLM301AG 
MLM301AP1 


MC1741P2 
MC17410P2 


MC1741SG 


MC1747F 


MC1747F © 


MC1408L6 
MC1408L7 
MC1408L8 
MC1508L8 
MC1458G 
MC1558G 


1BA1190Z 


Motorola 
Functional 
Equivalent 


-MC1352P 


MC1352P 
MC1357P 


MC1355P 
MLM101AG 


MLMI101AP1 


MLM107G 


MLM201AG 
MLM201AP1 


MLM207G 
MLM301AG 


MC1741G 
MC1741F 


MC1741CG 
_ MC1741CF 


MC1741SG 
MC1741G 
MC1741F 

MC1741P2 


MC1747L 


~ MC1747CG 


MC1747CF 
MC1747CL 
MC1747G 


-MC1747L 
MC1747F 
MC1747L 


MC1327P _ 
MC1358P- 
MC1352P 


MC1327P 
MC1384PQ 
MC1384PQM 
MC1384PQ 
MC1391P 
MC1391P 
MC1344P 
MC1344P 
MC1327P 


MLM358U 
MLM358G 
MLM358P1 
MLM158U 


TLO22ML 
TLO44C) 
TLO44CN 
TLO44MJ « 
TL497C) 


TL497CN ~ 


TL497MJ 
UDNS711M 
UDN5712M 
UDN5713M 
UDN5714M 
UDN-7183A 
UDN-7184A 
UDN-7 186A 
UDN-6144A 
UDN-6164A 
UDN-6184A 
UHD-490 
UHP-490 
UHD-491 
UHP-491 
UHP-495 
ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 
ULNZ111A 
ULN2111N 
ULN2113A 
ULN2113N 
ULN2114A 
ULN2114K 
ULN2114N 
ULN2120A 
ULN2121A 
ULN2122A 
ULN2124A 
ULN2125A 
ULN2126A 
ULN2127A 
ULN2128A 
ULN2129A 
ULN2136A 
ULN2139D 
ULN2139G 
ULN2139H 
ULN2139M 
ULN2151D 
ULN2151G 
ULN2151H 
ULN2151M 
ULN2156D 
ULN2156G 
ULN2156H 
ULN2156M 
ULN2157A 
ULN2157H 
ULN2157K 
ULN2165A 
ULN2165N 
ULN2209A 
ULN2210A 
ULN2224A 
ULN2228A 
ULN2244A 
ULN2262A 
ULN2264A 
ULN2267A : 
ULN22808 
ULN2285P 
ULN2298A 

ULN27410 
ULN2747A 
ULS2139D 


Motorola 
Direct 


MC1471P1 
MC1472P1 
MC1473P1 
MC1474P1 


ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 
MC1357P 
MC1357PQ 


MC1375P 
MC1356P 


MC1358P 
MC1358PQ 


MC1310P 
MC1324P 


os 
\ 


MC1364P 


MC1398P 
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Replacement 


Motorola _ 
Functional 
Equivalent ° 


MLM1586 
MLM324L 
MLM324P 


MLM124L 


MC3420L 
MC3420P 
MC3520L 


MC3491P 
MC3491P 
MC3491P 
MC3490P 
MC3490P 
MC3490P 
MC3494P 
MC3494P 
MC3494P 
MC3494P 
MC3490P 


MC1357P 
MC1357P 
MC1323P 
MC1323P 
MC1323P 
MC1310P 


MC1310P © 


MC1310P 
MC1399P 
MC1344P - 
MC1303P 
MC1399P 
MC1310P 


MC14396 
-MC1439G 
MC1439P2 
MC1439P1 
MC1741CG 
MC1741¢F 

Mc1741CP2 
MC1741CP1 

MC1456G 
-MC1456G 

MC1456G 

MC1456G 
MC1458P2 
MC1458P2 

MC1458G 


MC1356P 


MC1323P 
MC1310P 
MC1399P 


MC1323P° 
MC1384PQ 
MC1384PQ . 


MC17410G 


— -MCI747CL 


MC1539G 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE . 
Leta - Motorola Motorola : I dees Motorola Motorola eet | Motorola Motorola 
: : . Direct Functional Direct Functional Direct Functional 
Part No. Replacement Equivalent Part No. Replacement Equivalent Replacement | Equivalent 


ULS2139G MC1539G uA556DM MC3556L : uAT33HC MC1733CG 

ULS2139H MC1539L uA5S56PC MC3456P uA733HM MC1733G 

ULS2139M MC1439P1 uA702DC MC1712CL uA733MJ MC1733L 

ULS2151D MC1741G uA702DM MC1712L Tt uA733ML MC1733G : 
ULS2151G. MC1741F uA702FM MC1712F uA734DC MLM311L 
ULS2151H MC1741L uA702HC MC1712CG uA734DM MLMLLIL 
ULS2151M MC1741CP1 uA702HM MC1712G uA734HC MLM311G 
ULS2156D MC1556G uA702MJ MC1712L uA734HM . MLM1LIG 
" ULS2156G MC1556G vA702ML MC1712G A739 : MC1303P 
ULS2156H ~ MC1556G uA7O6APC MC1384PQ uA739PC MC1303P 
ULS2156M MC1556G uA709ADM MC1709AL uA740HC LF355H 
ULS2157A os MC1558L uA709AFM MC1709AF uA740HM LF155H 
ULS2157H MC1558L uA709AHM MC1709AG uA741ADM MCI1741L 
ULS2157K : MC1558G uA709AMJ MC1709AL uA741AFM - MC1741F 
uA080200-1 MC1408L8 uAT09AMJG MC1709AU ‘UAT41AHM MC1741G 
uA0802DC-2 MC1408L7 uA7O9AML =... |_ MC1709AG uA741C) MC1741CL 

uA0802DC-3 MC1408L6 uA7090) MC1709CL uA741CJG MC1741CU 

uA08020M-1 MC1508L8 uA709CJG MC1709CU uA741CL MC1741CG 

uA0802PC-1 MC1408P8 uA709CL MC1709CG uAT41CN MC1741CP2 

uAQ802PC-2 MC1408P7_ | uA709CN MC1709CP2 uAT4ICP ° MC1741CP1 

uA0802PC-3 MC1408P6 uA709CP MC1709CP1 uA741DC MC1741CL - 

uAIO1AD MLM101AU uA709DC MC1709CL uA741DM MC1741L 

uALOLAF MLMLOIAPL uA709DM » MCL709L uA7A1EDC : MCE741L 
uA101AH MLM101AG uA709FM MC1709F uA741EHC MC1741G 
uA101D . MLMLOLAU uA7TO9HC MC1709CG uATAIFC MC1741CF 

uA1O1F MLM101AP1 uA709HM MC1709G uA741FM MC1741F 

uAIOLH | MLMIO1AG uA709M3 MC1709L : uATA1HC. MC1741CG 

_ uA102M MLM110G uATO9MJG * MC1709U uA741HM MC1741G 

uA104HM MLM104G uA709ML MC1709G uAT41MJ MCI741L 

uALOSHM ~MLM105G uAT09TC MC1709CP1 : uA741MJG MC1741U 

uA107H MLM107G uA709PG MC1709CP2 uA741ML MC1741G 

uA1O8AD MLM108AL uA710CH MC1710CF uA741RC MC1741CU 

uALOSAF -MLM108AF ; uA710DC MC1710CL uAT41RM MC1741U 

uALO8AH MLM108AG uA710DM MC1710L uA741PC MC1741CP2 
—, | uAl08D MLM108L uA710FM : MC1710F ; uAT41TC MC1741CP1 

uALOSF MLM108F * tH uATLOHC MC1710CG : uA742DC €A3059 
uAl08H MLM108G - {1 uA710HM MC1710G uA746DC MC1323P 
uA109KM MLM109K uA710PC MC1710CP uAT46HC ' MC1323P 
uALLOM MLM110G uA711DC MC1711CL uA747ADM MC1747L 
uA201AD MLM201AU uA711DM MC1711L uA747AHM MC1747G 
uA201AF MLM201AP1 uA711FM MC1711F uAT47CJ MC1741CL 

uA2ZOIAH . MLM201AG uATLIHC MC17110G uAT47CL MC1747CG 

uA201D MLM201AU uA711HM MC1711G uA747CN MC1747CP2 

uA201F MLM201AP1 uA711PC MCL711CP . |} uA74700 MC1747CL 

uA201H MLM201AG uAT15DC MC1741SCL uA747DM - MG1747L : 

uA207H -MLM2076 uA715DM a, i MC1741SL uA747EDC MC1747CCBM 

uA208AD MLM208AL uA715HC MC1741SCG uAT47EHC MC1747CICM 

uA208AF ‘| MLM208AF . uA715HM MC1741SG uAT47HC MC1747CG 

uA208AH MLM208AG uA723C0) MC1723CL uA747HM MC1747G 

uA208D MLM208L uA723CL MC1723CG ; uA747MJ MC1747L 

uA208F MLM208F ' uA723CN MC1723CP uAT47ML MC1747G 
| uA208H MLM208G uA723DC MC1723CL uA747PC_ MC1747CP2 
‘uA209KM MLM209K uA723DM MG1723L _UAT48AFM MC1748F 
uA301AD : MLM301AU uA723HC MC1723CG uA748AHM MC1748G 
uA301AH MLM301AG ‘uA723HM - 1 MC1723G uA748C) _MC1748CL 

uA301AT MLM301AP1 uA723MJ MC1723L uA748CJG MC1748CU - 

uA302C MLM310G uA723ML MC1723G uA748CL MC1748CG 

uA304HC MLM304G uA723PC MC1723CP uA748CN MC1748CP2 

uA305AHC MLM305G uA725AHM MLM108AG uA748CP MC1748CP1 

uA305HC MLM305G | uA725EHC MLM308AG uA748DC MC1748CL 

uA307H MLM307G uA725HC ~ MLM308AG uA748DM MC1748L 

uA307T MLM307P1 uA725HM- MLM108AG uA748FM MC1748F 

uA308AD | MLM308AL uA727HC MC1420G uA748HC "| ~MC1748CG 

uA308AH ‘| MLM308AG vA727HM MC1520G uA748HM MC1748G 

uA308D ; MEM308L uA730HC . MC14206 uA748MJ MC1748L 

uA308H MLM308G uA730HM MC1520G uA748MJG MC1748U 

uA309KC MLM309K uA732DC bs MC1310P {| uvA748ML MC17486 

uA310CH MLM310G uA732PC MC1310P i} yA748TC MC1748CP1 

uA311T MLM311P1 uA733CJ MC17336L _{} uA749DC MC1435L 
uA376TC MLM305G |] | vA733CL MC1733CG _ |] uA749DHC : MC1435G 
uAS5S5HC MC1455G Bes uA733CN MC1733CP uA7490M MC1535L 
uAS55HM MC1555G uA733DC MC1733CL uAT49HC MC1435G 
“yAS55TC MC1455P1 uA733DM MC1733L uA749PC ws = MC1303P 
uASS6DC | MC3456L uA733FM MC1733F uA7531C MC1356P 
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uAT54HC 
uATSATC 
uAT570C 
uAT57DM 
uATS8DC 
uAT58PC 
uA7670C 
uA767PC 
uAT72 
uAT75DC 
uAT750M 
uAT75PC 
uAT76DC 
uAT76DM 
uAT76HC 
uAT76HM 
uAT76TC 
uAT77CJ 
uAT77C5G 
uAT77CL 
uATTTCN 
uATTICP 
uATTTOC 
uAT77HC 
uAT77MJ 
uAT77MIG 
uAT77ML 
uAT771C 
uAT8ODC 
uA780PC 
uATB1DC 
uA7B1PC 
uA786DC 
uATB7PC 
uATSIKC 
uAT9IKM 
uA791P5 
uATO6HC 
uAT96HM 
uAT96DC 
uAT96DM 
uAT98HC 
uA798HM 
uAT9BRC 
uAT9BRM 
uAT9BTC 
uATSHC 
uA799HM 
uAl312PC 
uAl314PC 
uA1315PC 
uA1391PC 
uAl394PC 
uAL458CHC 
uAL458CP 
uAL458CRC 
uAl458CTC 
uAL458E 
uAL458HC 
uAL458P 
uAl458RC 


uAL4581C ~ 


uALS58E 
uAL558HM 
uA2136PC 
uA22400C 
uA2240DM . 
uA2240PC 
uA3026HM 
uA3045 
uA3046DC 
uA3054DC 
uA3064PC 
uA3065PC 


Motorola 
Direct 


Replacement 


MLM339L 
MLM139L 
MLM339P 


MC1776CG 
MC1776G 
MC1776CP1 


MC1496G 
MC1596G 
MC1496L 
MC1596L 
MC3458G 
MC3558G 
MC3458U 
MC3558U 
MC3458P 1 


MC1312P 
MC1314P 
MC1315P . 
MC1391P 
MC1394P 
MC1458CG 
MC1458CP1 
MC14580U 
MC1458CP1 
MC1458G 
MC1558G 
MC1458P 1 
MC1458U 
MC1458P 1 
MC1558G 
MC1558G 
MC1356P 


MC3346P 
CA3054P 
MC1364P 
MC1358P 


Motorola 
Functional 
Equivalent 


MC1355P 
MC1355P 
MC1350P 
MC1350P 
MC1310P 
MC1i310P 
MC1310P 
MC1310P 
MC1741S 


MC1776CG 
MC1776G 


x 


MLM308AU 
MLM308AU 
MLM308AG 

MLM30BAP1 


MLM308AP1 


MLM308AU 
MLM308AG 
MLM108AU 
MLM108AU 
MLM108AG 
MLM308AP1 
MC1399P 
MC1399P 
MC1399P 
MC1399P 


MC1327P . 


MC1399P 
MC1438R 
MC1538R 
MC1438R 


MC1741G 
MC1741G 


MC1455U 
MC1555G 
MC1455P1 
CA3054 
MC3346P 
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uA3075PC 
uA3086DM 
uA3301P 
uA3302P 
uA3303P 
uA3401P 
uA3403D 
uA3403P 
uA4136DC 
uA4136DM 
uA4136PC 
uA4558HC 
uA4558HM 
uA4558TC 
uA7805CKC 
uA7805KC 
uA7805KM 
uA7805UC 
uA7806CKC 
uA7806KC 
uA7806KM 
uA7806UC 
uA7808CKC 
uA7808KC 
uA7808KM 
vA780BUC 
uA7B12CKC 
uA7812KC 
uA7812KM 
uA7812UC 
uA7815CKC 
uA7815KC 
uA7815KM 
uA7B15UC ° 
uA7818CKC 
uA7B18KC 
uA7818KM 
uA7818UC 
uA7824CKC 
uA7824KC 
uA7824KM 
uA7824UC 
uA78GHM 
uA78GKC 
uA78GKM 
“uA7BGUIC 
uA7BHO5KC 
uA78LO2ACJG 
uA78LOZACLP 
uA7BLO2CJG 
uA78LO2CLP 
uA7BLOSACJG 
uA7BLOSACLP 
uA7BLOSAHC 
uA78LOSAWC 
uA7BLO5CIG 
uA7BLOSCLP 
uAT8LOSHC | 
uA78LOSWC 
uA7BLOGACJG 
uA7BLOGACLP 
uA7BLO6CJG 
_ uATBLO6CLP 
uA7BLOBACIG 
uA7BLOBACLP 
WA7BLO8CIG . 
uA7BLOBCLP 
uA7BL12ACJG 
uA7BLLACLP 
uA7BLI2AHC 
uA78L12AWC 
wA7BL12CJG 
wA78L12CLP 
uA7BLI2HC . 


Motorola 
Direct 


Replacement 


MC1375P 
MC3386P 
MC3301P 
MC3302P 
MC3303P 
MC3401P 
MC3403L 
MC3403P 


MC4558CG 
MC4558G 
MC4558CP1 
MC7805CT 
MC7805CK 


MC7805CT 
MC7806CT 
MC7806CK 


MC7806CT 
MC7808CT 
MC7808CK 


MC7808CT 
MC7812CT 
MC7812CK 


MC7812CT 
MC7815CT 
MC7815CK 


MC7815CT 
MC7818CT 
MC7818CK 


MC7815CT 
MC7824CT 
MC7824CK 


MC7824CT 


MC78LO2ACP 
‘MC78L02CP 


MC78LOSACP 
MC78LOSACG 
MC78LO5ACP 


MC78LO5CP 
MC78L05CG 
MC78LO5CP 


MC78LO6ACP - 


MC78LO6CP 
MC78LO8ACP 
MC78LO8CP 
MC78L12ACP 
MC78L12ACG 
MC78L12ACP 


MC78L12CP 
MC78L12CG 


Motorola 
Functional 
Equivalent 


MC4741CL 


MC4741L 


MC4741CP 


MC7805CK 
Mc78O6CK 
MC7808CK 
MC7812CK 
MC7815CK 
MC7818CK 


MC7824CK 


LM117K 
LM117K 


LMLI7K 


LM317T 
MC7805CK 
MC78LO2ACG 
MC78L02CG 


MC78LO5ACG 
MC78L05CG 


MC78LO6ACG 
MC78LO6CG 
MC78LO8ACG 
MC78L08CG 


MC78L12ACG - 


MC78L12CG 


uA78L12WC 
uA7BL15ACJG 
uA78LISACLP 
uA78LISAHC 
uA78L15AWC 
uAT8LI5SCJG 
uA7BLI5CLP 
uA78L15HC 
uA7BL15WC 
uA78L26AWC 
uA78MGHC 
uA78MGT2C 
uA78MGUiC 
uA78MO5CKC 
uA78MO5HC 
uA78MOSHM 
uA78MOSUC 
uA78MO6CKC 
uA78MOGHC 
uA78MO6HM 
uA78MO6UC 
uA78MOBCKC 
uA78MO8HC 
uA78MO8HM 
uA78MO8UC 
uA78M12CKC 
uA78M12HC 
uA78M12HM 
uA78M12UC 
gA78M15CKC 
uA78M15HC 
vA78M15HM 
uA78M15UG 
uA78M18HC 
uA78M18HM 
uA78M18UG 
uA78M20CKC 
uA78M20HC 
uA78M20HM 
uA78M20UG 
uA78M24CKC 
uA78M24HC 
uA78M24HM 
uA78M24UC 
uA7902KC 
uA7902KM 
uA7902UC 
uA7905KC 
uA7SO5KM 
uA7905UC 
uA7906KC 
uA7906KM 
uA7906UC 
uA7908KC 
uA7908KM 
uA7908UC 
uA7912KC 
uA7912KM 
uA7912UC 
uA7915KC 
uA7915KM 
uA7915UC 
uA7918CKC 
uA7918KC 
uA7918KM ‘ 
uA7918UC 
uA7924CKC 
uA7924KC 
uA7924KM 
uA7924UC 
uA79LO5AHC 
uA7SLOSAWC 
UATSLOSHC 
uATSLOSWC 


Motorola 
Direct 
Replacement 


MC78L12CP 


MC78L 15ACP 
MC78L15ACG . 
MC78L15ACP 


MC78L15CP 
MC78L15C6 
MC78L15CP 
MC7802ACP 


\ 


MC78MO05CT 
MC78M05SCG 


MC78MOSCT 
MC78MO6CT 
MC78MO6CG 


MC78MO06CT 
MC78MO08CT 
MC78M08CG 


MC78MO8CT 
MC78M12CT 


* MC78M12CG 


MC78M12CT 
MC78M15CT 
MC78M15CG 


MC78MI5CT. 
MC78M18CG 


MC78M18CT 
MC78M20CT 
MC78M20CG 


MC78M20CT 
MC78M24CT 
MC78M24(CG 


MC78M24CT 
MC7902K 


MC7902CT 
MC7995CK 


MC7905CT 
MC7906CK 


MC7906CT 
MC7908CK 


MC7908CT 
MC7912CK 


MC7912CT 
MC7915CK 


MC7915CT 
MC7918CT 
MC7918CK. 


MC7918CT 
MC7924CT 
MC7924CK 


MC7924CT 
MC79LOSACG 
MC79LOSACP 
MC79L05CG 

MC79LO5CP 
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Motorola 
Functional 
Equivalent 


MC78LISACG 


MC78L15CG 


LM317H 
LM317T 
LM317T 


MC78MO05CG 
MC78MO6CG 
MC78MO8CG 


MC78M12CG 


MC78M15CG 


MC78M18CG 
MC78M200G 


MC78M24CG 
MC7902K 
MC7905CK 
MC7906CK 
MC7908CK 
MC7912CK 


~ MC7915CK 
MC7918CK 


MC7924CK 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE . 
Cala ore nel eae , ee, sca dence, | ae ae 
. Direct Functional Direct Functional Direct Functional 

; Part No: Replacement Equivalent Replacement Equivalent Replacement Equivalent 


uA79LI2AHC MC79L12ACG ; uAT9MO8CKC MC7908CT uA8T13DC MC8T13L 
uATSLIZAWC MC79L12ACP uA79M08HM MC7S08CK uA8T13PC MC8T13P 
. UATOLI2HC MC79L12CG uATIMO8UC MC7908CT uA8T14DC MC8T14L 
uA7T9L12WC MC79L12CP. uA79M12AHM MC7912CK uA8T14PC _ MC8T14P 
UATOLISAHC =}. MC79LISACG uA79M12AUC MC7912CT uA8T23DC , MC8T23L 
uATSLISAWC MC79L15ACP uAT9M12CKC MC7912CT z uA8T23PC MC8T23P 
uATSLISHC MC79L15CG uA79M12HM MC7912CK uA8T24DC MC8T24L 
uATSLISWC MC79L15¢P uA79M12UC MC7912CT uA8T24PC MC8T24P 
uA79MOSAHM MC7905CK uA79M15AHM MC7915CK uAF155AHM LFI55AH 
uA79MOSAUC MC7905CT uA79M15AUC ; MC7915CT uAFI55HM LF155H 
UATIMOSCKC MC7905CT uATOIMI5CKC MC7915CT og uAFI56AHM LFi56AH 
uA79M05HM MC7905CK uA79M15HM MC7915CK uAFI56HM LFIS6H 
uATIMOSUC MC7905CT uATIMI5UC MC7915CT |} uAFI57AHM LFI57AH 
uAT9MOGAHM MC7906CK uA79M18AHM MC7918CK uAF157HM LFIS7H 
uATSMOGAUC : MC7906CT uA79M18AUC MC7918CT UAF355AHC LF355AH 
uATOMOGCKC MC7906CT ‘ uA79M18HM MC7918CK uAF355HC _ | -LFB55H 
uA79MO6HM MC7906CK uA79M18UC MC7918CT uAF356AHC LF356AH 
uATIMOGUC MC7906€T uA79M24AHM MC7924CK uAF356HC LF356H 
uA79MO8AHM MC7908CK uATIM24AUC MC7924CT | uAF357AHC LF357AH 
uA79MO8AUC MC7908CT uA79M24HM MC7924CK #1 uAF357HC LF357H 


uk79M24UC MC7924CT 
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THE MOTOROLA | 
MIL-M-38510 PROGRAM 


Motorola, a pioneer in the manufacture of high-reliability integrated 
circuits*, now offers you a two-way program for MIL-M-38510 products. 


1. A growing line of JAN-QUALIFIED integrated circuits. 


2. An extensive program to supply MIL-M-38510 PROCESSED de- 
vices that approaches the Qualified Reliability goals without the 
delay time and high cost of the actual qualification program. — 


Motorola stocks many circuits which meet JAN-QUALIFIED specifi- - 
cations, and is actively persuing an expansion of this qualification listing » 
with product in all IC categories — encompassing Bipolar Digital, Linear 
and MOS technologies. 


Motorola 38510 PROCESSED products complement JAN- 
QUALIFIED products by making available hi-rel versions of nearly all 
Motorola full-temperature range circuits, while adding the edyamege of 
hi-rel standardization. - 


THE MOTOROLA MIL-M-38510 PROGRAM 
OFFERS YOU THESE BENEFITS: 


. Standardization of environmental and electrical test procedures. 
. Less specification writing required. 


. Less time required in negotiating a eal 
. Fast delivery. 
. Lower costs. 


*Motorola, in early 1971, was the first company to be qualified as a MIL-M-38510 approved facility by 
_ the Defense Electronics Supply Center of DOD. 
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SCREENING LEVELS 
Class A Class B Class C 


JAN-QUALIFIED DEVICE MARKINGS 
APPLIES TO ALL TYPES OF INTEGRATED CIRCUITS 


JM38510/XXXXXAYY 


FEATURES: 


1. Manufactured in a government-approved 
facility. 

2. GSI. (Government Source Inspection) 
provided upon request. 


JM38510/XXXXXBYY 


JM38510/XXXXXCYY 


Example of MIL-M-38510 
JAN-Qualified markings 


ORDER: JM38510/10101BGB 
MARKING: JM38510/10101BGB 


HOW TO ORDER MIL- M-38510 JAN-QUALIFIED PRODUCT 
Basic Numbering Parameters — Example: JM38510/XXXXXYYY 


J M38510 = /XXX 


INDICATES A MILITARY DETAIL DEVICE TYPE 
' QUALIFIED DESIGNATOR ~— SPECIFICATION WITHIN DETAIL 
DEVICE NUMBER -—— . SPECIFICATION 


CASE OUTLINE TABLE 
A— %" x ¥4"' flat pack, 14-pin 
C— %" x %” dual-in-line, 14-pin 
E— %" x %" dual-in-line, 16-pin 
F— 4’ x ¥%"' flat pack, 16- =pin 
G—8-lead can 
H — %"' x 4" flat pack, 10-lead 
|— 10-lead can 
J—-%"'x 1%" dual-in-line, 24-pin 
K— %” x 2" flat pack, 24-pin 
X — 3-lead can 
Y — 2-lead power can 


CLASS A, B, OR C CASE LEAD 
(SEE DEVICE OUTLINE FINISH 


CLASS TABLE) (SEE CASE (SEE LEAD 
OUTLINE TABLE) FINISH TABLE) 


LEAD FINISH TABLE 
A — Kovar or Alloy 42, 
with hot solder dip 
B — Kovar or Alloy 42, 
with acid tin plate’ 
C — Kovar or Alloy 42, 
with gold plate 
X— Any of the above, for 
ordering purposes only. 


SCREENING LEVELS ae 
Class B _ ClassD ~— Class C 


PROCESSED DEVICE MARKINGS 
APPLIES TO ALL TYPES OF INTEGRATED CIRCUITS 


MC38510/XXXXAYYM MC38510/XXXXBYYM MC38510/ XXXXDYYM MC38510/XXXXCYYM 
'MC38510/XXXXAYYS MC38510/XXXXBYYS MC38510/XXXXDYYS MC38510/XXXXCYYS 


FEATURES: 
. sei cost than JAN SUALIFIED: Example of MIL-M-38510 
. Devices manufactured using design and ‘ 
processing guidelines contained in Processed markings 
MIL-M-38510. | DEVICE: MC1741BGBS 
. Product supplied with Motorola standard data ORDER: MC1741BGBS 


sheet electricals (“S” suffix) or MIL- M-38510 
electricals (‘M” suffix). MARKING: MC38510/1741BGBS 


. G.S.I. (Government Source Inspection) 
provided upon request. 


HOW TO-ORDER MIL-M-38510 PROCESSED PRODUCT 
Basic Numbering Parameters — Example: MCXXXXYYYS or M 


MCXXXX Y ~-Y oY SorM 


Wirw 


MOTOROLA CLASS A, B, C, OR D CASE OUTLINE LEAD FINISH | S = MOTOROLA DATA SHEET ELECTRICALS 
DEVICE TYPE (SEE DEVICE (SEE CASE (SEE LEAD: M = JAN SLASH SHEET ELECTRICALS 
ee CLASS TABLE) OUTLINE TABLE) FINISH TABLE) 


CASE OUTLINE TABLE 
A— V%" x V%"’ flat pack, 14-pin 
C— %" x %" dual-in-line, 14-pin 
E— %” x %" dual-in-line, 16-pin 
-G— 8-lead can A — Kovar or Alloy 42, with hot 
H — %" x %"' flat pack, 10-lead solder dip 
|— 10-lead can, pin 10 at tab B — Kovar or Alloy 42, with 
J— ¥%2"'x 1¥%4" dual-in-line, 24-pin acid tin plate 
K — %” x V2" flat pack, 24-pin C — Kovar or Alloy 42, with 
X — 3-lead can eld olate 
Y — 2-lead power can cite 
X — Any of.the above; for 
*3 —8-lead dual-in-line K _ ordering purposes only. — 
*8 —10-lead can, pin 1 at tab 
*9 —10-lead tall can 
*R —9-lead power can 


* Linear processed devices only. 
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SCREENING PROCEDURES. 


FOR MIL-M-38510 JAN-QUALIFIED AND MIL-M-38510 PROCESSED PRODUCT 
(TO MIL-STD-883 REQUIREMENTS) 


_In recognition of the fact that the level of screening ‘ular product or application. Selection of a level better 


has a direct impact on the cost of the product, as well as than that required for the specific product and applica- 
its quality and reliability, four standard levels of screen- tion will result in unnecessary expense. A level less 
ing are provided to coincide with four device classes, or than that required may resuit in a risk that reliability 
levels of quality assurance. requirements will not be met. For: general hi-rel applica- 

Flexibility is provided in the choice of test conditions _ tions, the Class B or D screening levels should be con- 
and stress levels, to provide screens tailored to a partic- sidered. 


DEVICE CLASS TABLE 


: CLASS A CLASS B * CLASS D' CLASS C 
oi | METHOD _|_ROMT| 


Internal Visual (Precap) 2010 Condition 100% || 2010 Condition 100% | 2010 Condition 100%  ||2010 Condition 100% 
A and 38510 B and 38510 B and 38510 B and 38510 

Stabilization Bake 1008, 24hrs ~ | 100% jf 1008, 24 hrs 100% jj 1008, 24 hrs 00% 11008, 24 hrs 100% 
min. test min. test . min. test min. test 
Condition C Condition C Condition C ‘ondition C 


1 
Temperature Cycling 1010 Condition C } 100% |] 1010 Condition | 100% || 1010 Condition C 1010 Condition C 
Constant Acceleration 2001 Condition & 100% |}. 2001 Condition E 100% |} 2001 Condition E 100%  ||2001 Condition E 100% 
(min.) Y+ plane (min.) Y1, plane (min.) ¥1 plane ; (min.) Y1 plane : 
Seal (a) Fine 1014 100% 11014 100% 1014 } 
(b) Gross i 


Serialization too% ei ae 


Interim Electrical Per applicable 100% || Per applicable 3 Per applicable 
Parameters device device : device 
, specification? specification? specification? . 
Burn-in Test 1015 100% 1015 100% |]1015 — 100% 
ia 240 hrs @ 160 hrs @ 160 hrs @ : 
y} 125°C min. 125°C. min. 125°C min. 
. | Interim Electrical Per applicable 100% 
Parameters device 
x specification? 


Reverse Bias Burn-in 1015 Condition A 100% 
or C 72 hrs ° 
at 150°C min. 
Interim Etectrical Per applicable 100% i Per applicable . 100% jjPer applicable 100% 
Parameters ’ device device device 
: specification? specification? ificati 


Seal (a). Fine 1014 100% 
(b) Gross 


Final Electrical Tests Per applicable Per applicable Per applicable Per applicable 
(a) Static tests device device device device 

(1) 25°C (subgroup 1, specification? specification? specification? specification? 
table 1, 5005) . : 

(2) Max. and min. rated 
operating temp. 
(subgroups 2 and 3, 
table 1, 5005) 


(b) Dynamic tests and/or 
switching tests @ 25°C 
(subgroup 4 and 9, 
table 1, 5005) 

(c) Functional test @ 25°C 
(subgroup 7, table 1, 

5005) 


a 


Qualification or Quality 5005 Sample} 5005 Sample} 5005 Sample 1/5005 Sample 

Conformance Inspection Class. A per Class 8 per Class B per Class : . per 

ae 38510¢ 38510 38510* jf ; 38510 
External Vieual_ 2008 [aoe «| «100% *Yzo0e | 100% aoe 10 


' For MIL-M-38510 PROCESSED product only. ‘ 

? MIL-M-38510 QUALIFIED product is tested per applicable 38510 detail specification. MIL-M-38510 PROCESSED product is tested per applicable 38510 detail 
specification (M" suffix), or per the Motorola standard data. sheet electrical specification ('‘S” suffix). 

When specified in the applicable device specification 100% of the devices shail be tested. ; ‘ 

“For MIL-M-38510 PROCESSED product, Group A is performed per 5005 and Groups B, C, and D are available upon request. 
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LINEAR INTEGRATED aos. 


CHIPS © 


Most of the linear integrated circuit devices in this Data Book are available in chip form. Many 
are offered .in two options — conventional (face up bonding) and flip-chip versions. Motorola offers 
many standard linear chips from warehouse stock either directly from the factory or through fran- 
chised distributors. In addition, custom linear IC chips may be designed and to meet a specific need. 

Specific information on chip processing, testing, and handling can be obtained i in | the Chips Data 
Book rf Volume a of the Motorola Semiconductor Data Library). 


LINEAR CHIP FORMATS 


Conventional Chips encompass by far the greatest number 
of available linear IC chips. These silicon chips use gold back- 
side metalization for easy eutectic bonding to the metalized 
area of hybrid assemblies. The interconnecting metalization 
and bonding pad areas are formed from evaporated aluminum. 
Either gold or aluminum wire may be employed for connection 
between on-chip bonding pads and the external circuit. 


Flip-chips can be mounted to a hybrid substrate i ina single 
operation. 

Connection to the substrate bonding pads is made by means 
of raised ‘solder bumps’’ that protrude above the chip surface 
at the integrated-circuit bonding pads. The devices are mounted 
to the substrate metalization areas circuit side down bY means 

. of conventional reflow solder techniques.” 
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Oto 70°C -55to 125°C 


_ LF355,A 
 LF356,A 
LF357,A 
Mc1420 
Mc1430 
MC1431 
MC1433 
MC1435 - 
MC1436,C 
MC1437 
MC1439 
MC1456,C 
MC1458,C 
MC1458N 
MC1458S 
MC1709C 
MC1712C 
MC1741C 
MC1741NC 
MC1741SC 
MC1747C 
MC1748C 


MC1776C | 


Mc3401 
MC3403 
MC3458 


~ MC3471 


MC3476 
MC4202C 
MC4558C |. 
MC4741C 


MLM301A - 


MLM307 
‘MLM308,A 
MLM310 
MLM324 
MLM358 


LF155,A 
LF156,A. 
LF157,A 
MC1520 
MC1530 | 
MC1531 | 
MC1533 
MC1535 
MC1536 
MC1537 


’ MC1539 


MC1556 
MC1558 
MC1558N 
MC1558S 
MC1709,A 
MC1712 
MC1741 
MC1741N 
MC1741S 
MC1747 
MC1748 
MC1776 


MC3503 
MC3558 
MC3571 ~ 


MC4558 


~ MC4741 
MLM101A - 


MLM107 
MLM108,A 
MLM110 
MLM124 
MLM158 
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OPERATIONAL AMPLIFIERS 


Temperature Range 


_ Other 


MC3301 


Mc3303 


MC3358 


- MLM201A - 


MLM207 
MLM208,A 


MLM210 
* MLM224 


MLM258 
MLM2902 


Page 
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General Purpose Operational Amplifier ..........0. 3-16 
Darlington Input Operational Amplifier ...... Piao telnet as 3-16 
General Purpose Operational Amplifier ........... 3-20 
Dual Operational Amplifier .......... 0.000 ce ae 3-25 
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High Performance Operational Amplifier .......... 3-46 
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Low Noise Dual Operational Amplifier............ 3-52 
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Wideband DC Amplifier... ....... 000 eee eee 3-67 | 
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Low Noise Operational Amplifier... ......0-02 05008. 3-72 
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Quad MC1741 Operational Amplifier .........2008. 3-140 
General Purpose Operational Amplifier ............ 3-146 
General Purpose Operational Amplifier ............ 3-150 
Precision Operational Amplifier... ........2+0e-08-.  . 3-454 
Unity Gain Operational Amplifier ..........0.00. 3-159 
Quad Operational Amplifier... . 6... eee ee eee 3-161 
Dual Operational Amplifier... 0.0... ee cee ee 3-167 


Quad Operational Amplifier. . ee ee en ee 
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Single Operational Amplifiers 


NONCOMPENSATED 


Devices listed in ascending order of price 


Avol BW(Av=1}1|SR(Av=1)/Supply Voltage : 
V/V MHz Vv 
min typ i Description Device Packages - 


Genera! Purpose MC1709 601, 606, 


General Purpose | MC1748 
General Purpose 
High Slew Rate 
Wideband DC MC1712 
Amplifier ; 632. 
General Purpose | MC1533 | 602B, 606, 
632 


Differential Output} MC1520 | 602A, 606 
High Performance | MC1709A} 601, 606, 
MC1709 632 
Precision MLM108 | 601, 606, 693 
General Purpose MC1530 | 602B, 606, 
632 
General Purpose | MC1531 | 6028, 606, 
(Darlington Input) 632 
Precision MLM108A{ 601, 606, 
693 


General Purpose | LM301A 601, 626 
693 

General Purpose | MC1748C{ 601,.626 
693 

General Purpose | MC1709C | 601, 606, 

626, 632, 

' : 646, 693 

Precision LM308 601, 606, 

626, 693 

Wideband DC MC1712C | 601, 606, 
Amplifier 632 

Differential Output | MC1420 602A, 606 


High Slew Rate MC1439 601, 626, 
; ; 632, 646 
General Purpose |.MC1433 | 602B, 606, 
. 632, 646 
Precision LM308A 601, 606, 
626, 693 

General Purpose | MC1430 | 602B, 606, 
: : 632, 646 

General Purpose | MC1431 {| 602B, 606, 
(Dartington Input) " 632, 646 


Single Operational Amplifiers 


SR(Av=1)/Supply Voltage 
V/us ¢ Vv 
i Description Packages 
Military Temperature Range (-55°C to +125°C) 


5 5 15 200 1 4 : General Purpose MC1741 601, 606, 
. ; 632, 693 
3000 Differential Wide- | MC1733 603, 632 
band Video Amp ; 

200 ‘ z Low Noise MC1741N | 601, 606 
; 632, 693 
200 High Slew Rate | MC1741S | 601, 632, 

693 


General Purpose | MLM107 601, 693 
Unity Gain MLM110 
High Performance | MC1556 € 
uPower Program- | MC1776 601, 632 
mable ; 


High Voltage MC1536 601 
FET Input LFIi55 601* 
FET Input LF156 601* 


Wideband FET Input] LF157 601* 
FET Input LFI55A 601* 

FET Input LF156A 601* 

-| Wideband FET Input] LF157A 601* 


INTERNALLY COMPENSATED 


Devices listed in ascending order of price 


ARAN 


NNMONO Aaa 


*This Circuit to be Introduced 


Industrial Temperature Range (0°C to +70°C) 
, General Purpose | MC1741C | 601, 632, 


General Purpose | MLM307 


Differential Wide- | MC1733C 

band Video Amp 

Low Cost uPower, | MC3476 601, 626 
Programmable 


Low Noise 601, 632, 
High Slew Rate 


Unity Gain MLM310 
uPower, Program- | MC1776C 
mable 


High Performance | MC1456 601, 632 
High Voltage MC1436 |. 601 
FET Input LF355 601* 
FET Input LF356 601* 


Wideband FET LF357. 601* 
Input , 
FET input LF355A 601* ° 
FET Input “| LF356A 601* 
Wideband FET input] LF357A 601* 


ro) 


: ON>r> 
LOOO. 9 O000 


PON = 


*This Circuit to be Introduced 


Dual Operational Amplifiers 


INTERNALLY COMPENSATED 


Devices listed in ascending order of price 


Description Device Packages 


Dual MC1741 MC1558 601, 632 
. 693 

Dual MC1741 MC1747 601, 632 

Dual Low Noise MC1558N | 601, 632, 
; m . 693 

High Frequency MC4558 601, 632 
Dual 693 


Single Supply MLM158 | 601, 632, 

Dual 693 
(Low Power 

‘Consumption) 

High Slew Rate | MC1558S | 601, 632, 
Dual 

Single Supply MC3558 
Dual 


Dual MC1741 MC1458 : ; 
632, 646, 693 
Dual MC1741 MC1747C } 603, 632, 

me 646 
Single Supply Dual | MLM358 | 601, 626, 
(Low . 693 
Power Consumption) 
Dual.High MC4558C | 601, 626 
Frequency 693 
Single Supply Dual |} MC3458 601, 626 
(Low 693 
Crossover Distortion) . 
High Slew Rate MC1458S | 601, 626, 
Dual 632, 646, 693 
Dual Low Noise MC1458N j| 601, 626, 
632, 646, 693 


NONCOMPENSATED 


Military Temperature Range (-55°C to +125°C) 


5 5 10 200 25K 1 .25 Dual MC1709 MC1537 
3 3 10 300 4k 1 ‘ [ Dual General MC1535 
; Purpose 


Industrial Temperature Range (0°C to +70°C) 


1.5 | 7.5. 500 | 15K : ‘1 Dual MC1709 MC1437 
5 5 500 | 3.5K 9 {- Dual General MC1435 
24: - Purpose : 


Quad Operational Amplifiers 


INTERNALLY COMPENSATED 
\ 


Devices listed in ascending order of a 


Description i Packages 


Quad MC1741 MC4741 632, 646 
Quad MLM124 632, 646 
(Lower Power 
Consumption) . : 
Quad General MC3503 632, 646 
Purpose 4 
Low Power 
Quad Active MC3571 632, 646* 
Filter ; 
FET Input, High 
_ Frequency | 


Low Cost Quad MC3401 632, 646 


Quad MLM324 632, 646 
(Low Power 
Consumption) 
Quad . MC3403 632, 646 
(No Crossover 
Distortion) 


Quad MC1741 MC4741C | 632, 646 
Quad Programmable | MC4202C | 632, 646* 
Low Power 
Quad Active Filter MC3471 632, 646* 
FET 
Input, High 
Frequency 


*This Circuit to be Introduced 


Automotive Temperature Range (-40°C to +85°C) 


Quad Mirror MC3301 


Gain 
Quad Diff. MLM2902 
(Low Power) 
Quad Diff. MC3303 


General Purpose ~ 


MATERIAL 
SUFFIX after type number 


LF155°LF156¢LF157* 
LFI55A° 156A°157A 
LF355°LF356¢LF357 
LF355.A¢356A°357A 


| Advance Information MONOLITHIC 
JFET 


OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


H SUFFIX 
“METAL PACKAGE 
CASE 601 


MONOLITHIC JFET INPUT 


OPERATIONAL AMPLIFIERS : 
My | Offset Null 


These internally compensated operational amplifiers incorporate I} 
highly matched JFET transistors on the same chip with standard Th 
bipolar transistors. The JFET transistors enhance the input charac- 
teristics of these operational amplifiers by more than an order of 
magnitude over conventional amplifiers. : 

This series of op amps combines the low current characteristics j 
typical of FET amplifiers with the low initial offset voltage and : euken cain cack 
offset voltage stability of bipolar amplifiers. Also nulling the offset CASE 626 
voltage does not degrade the drift or common mode rejection. k “a 


VEE 
(top view) 


Low Input Bias Current — 30 pA 
Low Input Offset Current — 3.0 pA J-8 SUFFIX 
Low Input Offset Voltage —- 1.0 mV ~ CERAMIC PACKAGE 
Temperature Compensation of Input Offset Voltage — eae e285 

3.0 pV/PC 
Low Input Noise Current — 0.01 pA/VHz 38 NC 

, 27 Voc 

High Input Impedance — 10129 . : 38 Output 
High Common-Mode Rejection Ratio — 100 dB p= 5 Offset Null 


High DC Voltage Gain — 106 dB 


APPLICATIONS 


LF155A LF156A LF157A Fes Ge eaten ied fer :aihgenerel pub 
i i ; e series is sugg : 
- Fast Settling Time to. 0.01% 4.0 us 1.5 ys 1.5 us pose FET input amplifier requirements where 
Fast Slew Rate 5.0 V/us 12 V/us 50V/us precision and frequency response flexibility are 
Wide Gain Bandwidth 2.5 MHz 5.0 MHz 20 MHz of prime importance. 
Low Input Noise Voltage 20 nVA/Hz 12 nVA/Hz 12 nV/A/Hz Specific’applications include: 


Sample and Hold Circuits 
High Impedance Buffer 

Fast D/A and A/D Converters 
Precision High Speed 
Integrators 


*NOTE: The LF 157 series is designed for wider 
bandwidth applications. The séries is decom- 
pensated (AV min = 5). 


This is advance information and specifications are subject to change without notice. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


TYPICAL CIRCUIT CONNECTIONS 


FIGURE 1 — DRIVING CAPACITIVE LOADS FIGURE 2 — LARGE POWER BANDWIDTH AMPLIFIER 


5.0k 10k- 


' *LF155/6 R=5.0k 
LF157 R=1.25k 


R* 


1.0V wv /\ LN 
Due to a unique output stage design these amplifiers have the -1.0V ww, ~1i0 V 


ability to drive large capacitive loads and still maintain stability. 
CL (max) =0.01 uF. 


Overshoot < 20% é For distortion < 1% and a 20 Vp-p Vout 
Settling time (t,) = 5.0 us : swing, power bandwidth is: 500 kHz. 
FIGURE 3 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 4 — SETTLING TIME TEST CIRCUIT 
2.0 k, 0.1% 
Vee 


per 
Oo 2k, 0.1% ; 
— pe 
2N4416 


5.0 k, 0.1% Vv 
*1.0k, 0.1% cans 
3.0k 
Summing 
VEE Node 


0 +15 V. 


@ Settling time is tested with the LF155/6 
connected as unity gain inverter and LF 157 
connected for A\=—5 


: N441 
® Vio is adjusted with a 25 k potentiometer cs c 


; The potentiometer wiper is connected to Vcc 
® For potentiometers with temperature: coefficient of 100 
ppm/°C or less the additional drift with adjust is ¥ 0.5 uV/ 
°c/mvV of adjustment. . 
© Typical overall drift: 5.0 uV/°C +(0.5 uV/PC/mVv 
of adjustment.) + + eoutput = 10 V step 


*Ay = -5 for LF.157 


Oscilloscope 


@ FET used to isolate the probe capacitance 


MAXIMUM RATINGS 
LF155A, LF355A, 
Symbol 156A, 157A 356A, 357A 


Storage Temperature Range : -65 to +150 


Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


@&) MOTOROLA Semiconductor Products inc. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


Dc ELECTRICAL CHARACTERISTICS (Vec = 15 to 20 V, VEE = -15 to -20 V, Ta = Tio to Thigh 
(note 2) unless otherwise noted.) 


: | LF 155/67 
Characteristic , Symbo! | Typ | Max | 
Input Offset Voltage 
(Rg = 502, Vem = 0) 
(Ta = 25°C) 


Average Temperature Coefficient of Input Offset Voltage AVIO/AT 
(Rg = 50 2) 
Change in Average TC with Vig Adjust ATCIAVIO 
_ (Rg = 50 Q) (3) 
Input Bias Current 
(Ty = 25°C) (2) 


Input Offset Current eel 
(Ty < Thighs Vom = 0) a EE 


LF355/6/7* 


(TJ < Thigh. Vom = 0) 
Large Signal Voltage Gain AVOL 
(Vcc = 215 V) 
(Vg = #10.V, Ry: = 2.0 k, Ta = 25°C) 


(Ty = 25°C) (2) 
Input Resistance : 
(Ty = 25°C) ae 


Output Voltage Swing 
(Vec = £15 V, RL = 10 kQ) 
Input Common-Mode Voltage Range “es me 


Vcc. = 215 V) 
Common-Mode Riection Ratio : CMRR 


Supply Voltage Rejection Ratio PSRR | 85 | 
ee =H 


LF 155/355 
AC ELECTRICAL CHARACTERISTICS. (Vcc = #15 Vi Ta = 25°C, unless otherwise noted.) 


LF156/157 
LF356/357 


"Vcc =t15V 


Slew Rate _ 
(A,=1) LE155,6 
(Ay=5) LF157 


Gain-Bandwidth Product 
Settling Time to 0.01% (4) 


Equivalent Input Noise Voltage 
{Rg = 100 2, f = 100 Hz) 
(Rg = 100 2, = 1000 Hz) 
Equivalent Input Noise Current 
(f = 100 Hz) : 
(f= 


1000 Hz) 


*These minimum limits apply for the LF156 and LF157.only. 


NOTE: . , : value. Common-mode rejection and open loop veltage gain 
(1) Unless otherwise specified, the absolute maximum negative . are also unaffected by offset adjustment. 
input, voltage is equal to the negative power supply. (4) Settling time is defined here, for a unity gain inverter 
(2) Tlow = -55°C for LF155/155A/156/156A/157/157A connection using 2.0 k resistors for the LF155/6. It is the 
i 0°c for LF355/355A/356/356A/357/357A time required. for the érror voltage (the voltage at the 
Thigh = +125°C for LF155/155A/156/156A/157/157A inverting input pin on the amplifier) to settle to within 
= +70°C for LF355/355A/356/356A/357/357A ‘0.01% of its final value frorn the time a 10 V step input is 
(3) The temperature coefficient. of the adjusted input offset applied to the inverter. For the LF157, Ay = ~S.0, the 
voltage changes only a small amount (0.5 uV/°C typically) feedback resistor from output to input is 2.0 k and the 
for each mV of adjustment from its original unadjusted output step is 10 V (see settling time test circuit). 


@) MOTOROLA Semiconductor Products Inc. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A__ 


DC ELECTRICAL CHARACTERISTICS (Vcc = 15 to 20 V, VEE = -15 to -20 V, Ta = Tigy to Thigh 
(note 2) unless otherwise noted.) ' a , 


. Characteristic : : 


Input Offset Voltage 
' (Rg = 50 2, Vcr = 0) 
(Tp = 25°C) 


Average Temperature Coefficient of Input Offset Voltage AVIQ/AT 
(Rg = 50 Q) - , 

Change in Average TC with Vig Adjust ATC/AVIO 
(Rg = 50 9) (3) : 


Input Offset Current 

(Ty = 25°C) (2) 

(Ty < Thigh Vom = 9) 
Input Bias Current 

(Ty = 25°C) (2) 

(TJ < Thigh. Vom = 0) 


Input Resistance : 
Large Signal Voltage Gain . : 
(Vcc = £15 V) 
(Vg = #10 V, Ri = 2.0 k, Ta = 25°C) 
Output Voltage Swing ; 
(Voc = +15 V, Ry = 10 kQ) 
Input Common-Mode Voltage Range 
(Vec=t15 Vv). 


Supply Voltage Rejection Ratio 


Supply Current 
LF155A/355A 
LF 156A/7A/356A/7A 


Slew Rate 
(Ay = 1). LF1IS5A/6A 
(Ay=5) LFI57A 


Ps Gain-Bandwidth Product - é 
Settling Time to 0.01% (4) . 


_ Equivalent Input Noise Voltage 
(Rg = 100 2) . 
(f = 100 Hz) 
(f = 1000 Hz) 
Equivalent Input Noise Current : 
‘(f = 100 Hz) - 
: (f = 1000 Hz) ; 


Input Capacitance 


For Notes 1, 2, 3, 4, see previous page. 


@) MOTOROLA Semiconductor Products Inc. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 


CIRCUIT SCHEMATIC 


Balance 


10 pF** 


20 
Inv, Input 


(+) 
3 a 
Non-iInv. | 


Input 


L = 
: a12 
‘| I -Q13 fet Q15 
c1 : 
J10 Jit 
; TT R4 : R5 R6 D4 DS D6 R7 $3.05 R8 
; ae PF 340k 7 5.0k 5.0k [ k 7 50 
4 > 7 ——-—O VEE 


**C = 2.0 pF on LF157. . 


ORDERING INFORMATION 


LF155H, LF1SSAH 
LF158J-8, LF 155AJ-8 


LF355H, LF355AH ~ 


LF355N, LF355AN 
LF355J-8, LF355AJ-8 


LF156H, LF156AH . 
LFt56J-8, LF156AJ-8 
LF356H, LF356AH 


-55 to +125°C 
-55 to +125°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
-55 to +125°C 


“-B5 to +125°C 


O to +70°C 


Metal Can 
Ceramic DIP 
Metal Can — 
Plastic DIP 
Ceramic. DIP 
Metal Can 
Ceramic DIP 
Metal Can 


LF356N, LF356AN 
LF356J-8, LF356AJ-8 
LF157H, LF157AH 
LF157J-8, LF157AJ-8 
LF357H, LF357AH 
LF357N, LF357AN 
LF357J-8, LF357AJ-8 


0 to +70°C 
0 to +70°C 
~55 to +125°C 
-55 to +125°C 
0 to +70°C 
0 to. +70°C 
0 to +70°C 


@) MOTOROLA Semiconductor Products Inc. 
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Plastic DIP 


’ Ceramic DIP 


Metal Can 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP. 


ORDERING INFORMATION E 


Device Temperature Range Package | ae 
MC1420G _ 0° to +70°C Métal Can . 
MC1520F —55°C to +125°C Ceramic Flat MC 14 20 


DIFFERENTIAL OUTPUT OPERATIONAL AMPLIFIER ean. 
OPERATIONAL AMPLIFIER 


A wide-band, general-purpose operational amplifier which features 
both differential inputs and outputs. Open loop gain is approximately 
3000 V/V but may be adjusted with external feedback components. 
This device is particularly useful in applications which require 
differential outputs, 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ Differential tnput and Differential Output 
® Wide Closed-Loop Bandwidth; 10 MHz 

© Differential Gain; 70 dB 

@ High Input,|mpedance; 2.0 Megohms: 

® Low Output !mpedance; 50 ohms 


MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted} 
fe 
; Input T Vee . 
Power Supply Voltage ; ‘ ues es 
ieee : . : C1 ca 
i enti i _ c2 . Output 2 
Differentiat input Signal : Vin +8. a pa hsie 


Power Dissipation (Package Limitation) 
Meta! Package © 
Derate above Tq = +25°C 
Flat Package : : : F SUFFIX 
Derate above Ta = +25°C . CERAMIC PACKAGE 
Operating Temperature Range MC1520 CASE 606 
MC 1420 “(T0-91) 


Storage Temperature Range 


FIGURE 1 — CIRCUIT SCHEMATIC 
: COMPENSATION Vee 
- C19 0 C3 ct29 


OUTPUT 
175k 14.75 k g'nputt 


c2 2 8 Vec 
Vee 3 7 ¢3 


Output 1 45 Soca 
Output 2 


G SUFFIX 
METAL PACKAGE 
CASE 603 


MC1420, MC1520 


SINGLE-ENDED ELECTRICAL CHARACTERISTICS 
(Voc = +6.0 Vde, VEg= -6.0 Vdc, Ta= +25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | ty 
Open Loop Voltage Gain Avol 1000 
(Tow @ S$ TasThigh @) 60 


Output |mpedance 
(f = 20 Hz) 


Input Impedance 
(f = 20 Hz) 


Output Voltage Swing Vo 43.5 


(RU =7.0kQ{Figure8}) 


Input Common-Mode Voltage Swing 


Common-Mode Rejection Ratio CMRR 


“nts a ee 


([i5- 452 .Ta= +25°C) 


| Min | typ 


ao] 


wo 


(=) 


Input Offset Current 
(ho = 14-1) ; 100 
(lo = (1-12. Ta = Tow) 200 
(No = 14-12. Ta = Thigh) 200 


+ HT ny ala 
pl! 


input Offset Voltage Viol 
. (Ty = +25°C) 


| Step Response 


Gain = 1.0, 10% Overshoot tTHL 

Ry=10k2 ¢ tPLHeTPHL 

Ro = 10k2 AVout/dt O 

R3=5.0k2 

Cs = 39 pF 

Gain = 10, 10% Overshoot THLE 
R1=10k2 tPLHtPHL 

Ro = 100 kQ dVout/dt M 
R3=10k2 

-C, = 10 pF 

Gain = 100, No Overshoot TTHL 

R_,=1.0kQ2 ; tpLH-tPHL 

R2 = 100k2 AVout/dt M 

R3Z=1.0k2 

C, = 1.0 pF 

Open Loop, No Overshoot — UHL 

Ry, =502 TPLH PHL 
y R2= 0 IVour/dt M 

R3=5082 

C,=0 


Bandwidth: 
(Open Loop[F igure 4]) 

(Closed Loop[ Unity Gain] ) 
(Figure 5) 


Average Temperature Coefficient of 
Input Offset Voltage 


Power Supply Sensitivity “gt 
(Vo = QO) : 
@® dVout/dt = Slew Rate . ®. Tiow = 0°C for MC1420, Thigh = +75°C for MC1420 


-~55°C for MC1520 +125°C for MC1520 
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MC1420, MC1520 


; DIFFERENTIAL ELECTRICAL CHARACTERISTICS. 
(Voc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°C, unless otherwise noted.) 


. Gain 
(Open Loop) 


Input Impedance 
(f= 20 Hz) 


TYPICAL CHARACTERISTICS 
(Vcc = +6.0 Vde, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted.) - 


TEST CIRCUIT 


FIGURE 2 — LARGE SIGNAL SWING 
versus FREQUENCY 


INVERTING 


NON-INVERTING 


CURVE 4 


| SH EUs Bh NS 
Ri 
| NY, ail ail ! 
LZ | | . NOISE 
ae OUTPUT 
an IT a ela Faia) Ta ny te 
-sa| INVERTING 100k | 7.0k 
INVERTING 168 100k | 10k 
‘8.0 INVERTING 10k 10k | 5.0k 
0.1 100 1000 10, 000 . NON- INVERTING 10k | 10k 


f, speaUENRy (kHz) ~ NON-INVERTING]  Ayol 
NON-INVERTING| Avot 
‘NON-INVERTING| Avot 


PEAK OUTPUT VOLTAGE (VOLTS) 


B NON-INVERTING 1.0 
’ FIGURE 3 — OPEN LOOP VOLTAGE GAIN NON-INVERTING : 40 


NON-INVERTING A 39 
. TCT ON 
PT PN i CE 


TMCNET 


s FIGURE 4 — CLOSED LOOP VOLTAGE GAIN 
Zz 40 versus FREQUENCY . 
z 
o +60 
ua 
oo ~ : 
<= 30 3 THT milli ME | 
oe = +40 < rt 
willl SN INA 
Son | 
= ao 
- - HT J 
= a ul 
10 S 4 Hh 
< 
Ce ; 100 1000 10,000 1.0 100 1000 10,000. 100,000 


f, FREQUENCY (kHz) ; f, FREQUENCY (kHz) 
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MC1420, MC1520 2 : 


TYPICAL OUTPUT CHARACTERISTICS 
(Voc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°C. unless otherwise noted.) 


FIGURE 5 — POWER DISSIPATION FIGURE 6 — OPEN LOOP VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGE versus SUPPLY VOLTAGE. 
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Vcc and Veg, POWER SUPPLY VOLTAGE (Vde) Vee and Veg, SUPPLY VOLTAGE (Vdc) 
FIGURE 7 — SINGLE ENDED OUTPUT VOLTAGE FIGURE 8 — OUTPUT NOISE VOLTAGE 
versus LOAD RESISTANCE ' versus SOURCE RESISTANCE ~ 
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RL, LOAD RESISTANCE (k&2) : Rg, SOURCE RESISTANCE (k&2) 


ORDERING INFORMATION : 
Device Temperature Range Package 


/ 


Me ope oie 00 to #70% “Metal Gan MC1 430, MC1 431 
MCROrieie. <ceecw ie = “onmeee MC1530, MC1531 


MC1530G,1531G —55°C to +125°C Meta! Can 


~ OPERATIONAL AMPLIFIER 


. .. designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

The MC1531 (MC1431) is provided with Darlington inputs to in- 
crease input impedance; otherwise the MC1531 (MC1431) circuit is 
identical with the MC1530 (MC1430) circuit. . 

@ High Open Loop Voltage Gain — 4500 min (MC 1530) 
— 2500 min (MC 1531) 

® High Input Impedance — 10 Kitohms min (MC 1530) 
— 1.0 Megohm min (MC 1531) 


® Low Output Impedance — 50 Ohms max 
@ High Slew Rate — 6.0 V/us typ @ Ay, = 10 
@ High Open Loop Bandwidth — 2.0 MHz typ (MC 1530) 


OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 


F SUFFIX 
CERAMIC PACKAGE 
CASE 606 : 
TO-91 


B Non Inv Input 1 110 : 
. 0.4 MHz typ (MC 1531) dneinputd 19} og, comp. 
MAXIMUM RATINGS (T, = 25°C unless otherwsie noted) . ea $ }tead comp 


Power Supply Voltage MC1530, MC1531 Vcc. VEE +9.0, -9.0 
MC1430, MC1431 Voc. Vee +8.0,-8.0 | 


G SUFFIX 
METAL PACKAGE 
CASE 603 B 


Power Dissipation (Package Limitation) 
Metal Package 
Derate above Ta = +25°C_ 
Flat Package 
Derate above Ta = +25°C 
Dual In-Line Plastic Package. 
: MC1430, MC1431 
Derate above +25°C . 


Operating Ambient Temperature Range 
MC1530, MC1531 
; MC1430, MC1431 


Storage Temperature Range é 
Metal and Ceramic Package -65 to +175 
Plastic Package MC1430, MC1431 ~55 to +150 


Output 


_ CIRCUIT SCHEMATICS 


FIGURE 1 — MC1530/MC 1430 : FIGURE 2 — MC1531/MC1431 
(STANDARD INPUT) (DARLINGTON INPUT) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 . 
(MC1430P/MC1431P only) 


Output 


MC 1430, MC1431, MC1530, MC1531 


ELECTRICAL CHARACTERISTICS (Voc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted) 


MC1530 


Symbol 
Input Bias Current 
Input Offset Current. ae 


Input Offset Voltage 


Equivalent Input Noise Voitage 
(Open-Loop, R, = 50 ohms, BW = 5.0 MHz) 


Common-Mode Rejection Ratio (f = 100 Hz) 


CMRR 


Open-Loop Voltage Gain, 
Tp = +25°C 

~ Ta = Tow to Thigh , 

- Bandwidth (Open-Loop, -3.0 dB, no roll-off capacitance) 


ee we 
cloes ae Ss eae eee eee 
een eT a Lav _| 
Power Supply Current loc, IEE 9.2 12.5 9.2 125 | mAdc 
eee telat Tele 


ELECTRICAL CHARACTERISTICS Wec = +6.0 Vdc, Vee = -6.0 Vdc, Ta = +25°C unless otherwise noted) 


Avol 


3 
ee ee oT 


| - | 0025 [oso | - | o1 | 03 | wade | 
P= [0003 [002s | — | oor | 01 | wade 


| tip 

| tio _| | wade | 
p input Offset Voltage : = ae 0° mVde 
- Ta = Thig i 
Single-Eaded Tap impedance (Open-Loop, = 30 Hel Ee LC ec ka 


Equivalent Input Noise Voltage 
(Open-Loop, Rs = 50 ohms, BW = 5.0 MHz) 
Common-Mode Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain 
Ta =+25°C | 
Ta = Tiow to Thigh 
Bandwidth (Open-Loop, -3.0 dB, no roll-off capacitance) 


Output Impedance (f = 30 Hz) 
Output Voltage So. (Ry = 1.0 k ohms) “No £45 +5. 


[Rove Spay Ses ig < TOR a) reno ft 
[Power Supply Curent doe |= | 2 | es | | 2 | v8 | mane 


[oc sant Foner ommnion =a re P= ae | eo ff ope | ow 


STEP RESPONSE, TYPICAL CHARACTERISTICS 
\Vec = +6.0 Vae, VEE = -6.0 Vac, Vo = 400 mVdc, Ta = +25°C) 


ein 
50% . Rg 
Step Response 
Gain = 100, 0% overshoot, 
{ Ry = 1.0k ohm, RQ = 100k ohms, 
Rg = 1.0 k ohm, C1 = 750 pF 


Gain = 10, 10% overshoot, 
{ Ry = 10k ohms, Ro = 100k ohms, 
Rg = 10 k ohms, Cy = 6800 pF. 


rs : {rie = 1.0, 5.0% overshoot, 


2] 


Ry = 10 k ohms, Ro = 10k ohms, 


R3 =5.0k ohms, Cy = 33,000 pF 


OVERSHOOT - 
\ @® Tiow: 0°C for Mc1430 Tiow: 0°C for MC1431 
\r SLEW RATE ~850C for MC1530 -55°C for MC1531., 
Ne Thigh: +75°C for MC1430_ Thigh? +75°C for MC1431 
_ +125°C for MC1530 +125°C MC1531 


— me MOTOROLA Semiconductor Products Inc. 
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Vg, OUTPUT VOLTAGE SWING (Vp-p) 


_ Wk 10M 


Ay, VOLTAGE GAIN (dB) 


MC1430, MC1431, MC1530, MC1531 


TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 3 — TEST CIRCUIT 
R2 : 


_ 
et 2S 


FIGURE 4 — LARGE SIGNAL SWING 
versus EREQUENEY 


TTI EA TT 
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TE in NE 
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Un TE il 


AVOL 
AVOL 
AVOL 
Avon 
AVOL 
AVOL 
AVOL 
AVOL 


ed 100 k 1.0M- OM 


f, FREQUENCY (Hz) 


FIGURE 6 — MC1531/MC1431 VOLTAGE 
GAIN versus FREQUENCY 


i ae i| See E 
| a 
TO La 


f, FREQUENCY (Hz) 


Ay, VOLTAGE GAIN (dB) 


(Vcc = +6.0 Vac, Veg = -6.0 Vde, Ta = +25°C) 


VOLTAGE DEVICE 
ne: [ears|veazape| oat Ry (ko) Re (ko) | Rg (2) [Cr (FP | 
100 


TEST CONDITIONS 


MC1530/MC1430 7s 1.0R 750 
~ MC1530/MC1430 
MC1530/MC 1430 5 10 1.0k 6800 
MC1530/MC 1430 10 10 5.0k 33,000 
MC1530/MC1430 1.0 1.0 500 33,000 


MC1531/MC1431 100 

MC1531/MC1431 100 

MC1531/MC1431 10 p 
MC1530/MC 1430 0 7 0 0 
MC1530/MC 1430 0) oo 0 750, 
MC1530/MC1430 0 cy 0 6800 
MC1530/MC 1430 0 . ie) 33,000 
0 
te) 


MC1531/MC1431 a 0 0 
MC1531/MC1431 « 0 750 
MC1531/MC1431 ) « 0 6800 
MC1531/MC1431 0 oo ty) 33,000 


FIGURE 5 — MC1530/MC1430 VOLTAGE — 
GAIN versus FREQUENCY ‘ 


te 
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10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


MC1530/MC 1430, MC1531/MC1431 100 1.0k, 750 
MC1530/MC1430, MC1531/MC1431 - 10K 6800 
MC1530/MC 1430, MC1531/MC1431 5.0k | 33,000 


Ay, VOLTAGE GAIN (dB) 
N 
o 


FIGURE 7 — MC1530/MC1430 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 
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(AA) MOTOROLA Semiconductor Products tne: 
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MC1430, MC 1431, MC1530, MC1531 


FIGURE 8 — MC1531/MC1431 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 


105 


90 


s 75 — 
: at sill | 
= 69 COS cS Sc = FIGURE 11 — COMMON-MODE SWING versus POWER 
ro NON SK) SUPPLY VOLTAGE 
< 
me 45 ua — 
—_ o T 
S & Vic +’ MC1530/MC1430 
é 30 ED 35 
i] we 
i - a8 
0 N 22 
100 1.0k 10k 100 k 10M M 38 
f, FREQUENCY (Hz) 3 
c 
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Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 — VOLTAGE GAIN versus POWER SUPPLY VOLTAGE 


0) ‘ ; 
Ta = +259C MC1530/MC1430 FIGURE 12 — POWER CONSUMPTION versus 


i POWER SUPPLY VOLTAGE 
pe Td 
Aa _|mcrssimcrasi 


Ayal, OPEN LOOP VOLTAGE 
GAIN (dB) 


Voc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — OUTPUT VOLTAGE SWING | 
versus LOAD RESISTANCE 


Pp, POWER DISSIPATION (mv) 
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COMERS Vcc and Veg, POWER SUPPLY VOLTAGE (Vdc) 

Soot 
10 100 10k io 
RL, LOAD RESISTANCE (OHMS) 


Vo, QUTPUT VOLTAGE SWING (VOLTS). 


(AA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1433F o°c to +70°C Ceramic Flat 
MC1433G 0°C to +70°C Metal Can 
MC1433L 0°C to +70°C Ceramic DIP 
MC1433P 0°C to +70°C Plastic DIP 
MC1533F —55°C to +125°C. —- Ceramic Flat 
MC1533G —55°C to +125°C Metal Can 
MC1533L —58°C to +125°C Ceramic DIP 


OPERATIONAL AMPLI FIER 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. . . designed for use as a summing amplifier, integrator, or 
amplifier with operating characteristics as a function of 


the external feedback components. F SUFFIX 
. CERAMIC PACKAGE 
CASE 606 
TO-91 


High-Performance Open Loop Gain Characteristics lniput 
Avol = 60,000 typical Lag 


Low Temperature Drift — +5 uV/°C 


Large Output Voltage Swing — 


+13 V typical @ £15 V Supply eis a 
: METAL PACKA 
CASE 6038 


Low Output Impedance — 2, = 100 ohms typical 


Output 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632° CASE 646 

TO-116 | (MC1433P Only) 


O OUTPUT LAG 
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MC1433, MC1553 


Typ 


Open Loop Voltage Gain 
(Ta = s26re 40,000 60,000 30,000 60,000 
(Ta = Tow to Thigh ® ) 35,000 50,000 20,000 50,000 
Output Impedance , 
(f = 20 Hz) 
Input Impedance 
(f = 20 Hz) 
Output Voltage Range 
(Ry = 10 kQ) 
(RL = 2k) 


Input Common Mode Voitage Range 


Common Mode Rejection Ratio 


Input Bias Current 
(Ta = +25°C) 

(Ta = Tow) 
tnput Offset Current 

(Ta = +25°C) 

(Ta = Throw) 

(Ta = Thigh) 

Input Offset Voltage @Q) 

(Tp = +25°C) 

(Ta = Tow. Thigh) 

Step Response (Cp =.10 pF) 
Gain = 100, 10% overshoot, 
Ry = 10k, Rg= 1.0MQ, 
R3 = 100 2, Cy =0.01 pF 
Gain = 10, no overshoot, 
Ry = 10k2, Ro = 100 k2, 
R3= 102, C4 = 0.1 uF 
Gain = 1, 5% overshoot, 

R41 = 10k2, Ro = 10k2, 

R3= 102, Cy = 1.04F 
Average Temperature Coefficient 

of Input Offset Voltage 

(Ta = Tiow to +25°C) 

(Ta = +25°C to Thigh) 
Average Temperature Coefficient 
' -of Input Offset Current 

(TA = Tiow to Thigh) 

(Ta = +25°C to Thigh) 


DC Power Consumption Pc 
(Power Supply = +15 V, Vo = 0) 
Positive Supply Sensitivity ; PSRR+ 
(VEE constant) : 
Negative Supply Sensitivity 
(Vcc constant) é 


0) Thigh = +75°C for MC1433, Tlow = 0 for MC 1433 ® Input offset voltage (Vj}Q) may be adjusted to zero. 
+125°C for MC1533 -55°C for MC1533 ; 


MOTOROLA Séeniiconductor Products inc. 


? 
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MC 1433, MC1553 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


Power Dissipation (Package Limitation) 
Metal Package 
Derate above Ta = +25°C 


Flat Package 

' Derate above Ta = +25°C 

Dual In-Line Ceramic Package 
_Derate above Ta = +25°C 

Dual In-Line Plastic Package 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 
MC1533 
MC1433 


Storage Temperature Range 


TYPICAL CHARACTERISTICS 


FIGURE 2 ~ TEST CIRCUIT 
Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C 


Voc 


Test Conditions 


10 J 


10k 10k 10 
10k 100 k 
10k 1.0M 
1.0k 1.0M 


10k 10k 
10k 100.k 
10k 1.0M 
1.0k 1.0M 


. 0 
0 
0. 

0 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC1433, MC1553 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 Vdc, Veg -15 Vde, Ta = +25°C unless otherwise noted) 


' FIGURE 3 —- LARGE “SIGNAL RANGE versus FREQUENCY 
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FIGURE 5 — OFFSET ADJUST CIRCUIT 


FIGURE 4 — VOLTAGE GAIN versus FREQUENCY 
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FIGURE 6 — OPEN LOOP VOLTAGE GAIN versus FREQUENCY 
(HIGH GAIN CONFIGURATION) , 


f, FREQUENCY (Hz) 


(AA) MOTOROLA Semiconductor Products Inc. 
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Pc, POWER CONSUMPTION (mW) 


-MC1433, MC1553 | 


FIGURE 7 — POWER CONSUMPTION 
versus POWER SUPPLY VOLTAGE 


SAFE OPERATING AREA 
AT REDUCED TEMPERATURE 


ALL 
aan ABD 


1 / 


Four QUIESCENT Vat 


Eout QUIESCENT OV 


SAFE OPERATING AREA 
AT ANY TEMPERATURE 


OPERATING VOLTAGE RANGE 


00 60. 80 10° 12 14 16 18 .20 


Voc AND Veg, POWER SUPPLY VOLTAGES (VOLTS) 


VicR COMMON MODE VOLTAGE RANGE (VOLTS) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGE 


Ay, OPEN LOOP VOLTAGE GAIN (dB) 


Vcc AND Vee, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 9 — COMMON MODE RANGE 
versus POWER SUPPLY VOLTAGE 


0 5.0 10 15 20 
'Vcc-AND Veg, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 10 — INPUT NOISE VOLTAGE 
versus SOURCE RESISTANCE 
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ORDERING INFORMATION | 
Device Temperature Range Package 


MC1435F 0°C to +70°C Ceramic Flat 
MC1435G 0°C to +70°C Metal Can ° 
MC1435L 0°C to +70°C Ceramic DIP 
MC1435P 0°C to +70°C Plastic DIP 
MC1535F —55°C to +125°C Ceramic Flat 
MC1535G —55°C to +125°C == Metal Can 

MC1535L —55°C to +125°C Ceramic DIP 


DUAL OPERATIONAL AMPLIFIERS 


. . . designed for use as summing amplifiers, integrators, or 
amplifiers with operating characteristics as a function of 
the external feedback .components. Ideal for chopper sta- 
bilized applications where extremely high gain is required 
with excellent stability. 


Typical Amplifier Features: 

_@ High Open Loop Gain Characteristics — Ayo} = 7,000 
e Low Temperature Drift — +10 nV/°C . 
e Low Input Offset Voitage — 1.0mV 

e Low Input Noise Voltage — 0.5uV 


CIRCUIT SCHEMATIC 
INPUT LAG 1 QUTPUT LAG 1 


INPUT LAG 2 OUTPUT LAG 2 
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MC1435 
C1535 


DUAL 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


F SUFFIX 
CERAMIC PACKAGE 
CASE 607 


G SUFFIX 
METAL PACKAGE 
CASE 6038 


L SUFFIX 
CERAMIC PACKAGE 
’ CASE 632 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 646 


MC1435, MC1535 


HIGH z;, DIFFERENTIAL TO SINGLE-ENDED AMPLIFIER LARGE OUTPUT SWING CONFIGURATION (FLOATING LOAD) 


252702 min 
(differential) 


Vo =+10 
Vpk(max) 


-6 Vee ' 


NeI5266 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) ee 
Flat Ceramic Package 
Derate above Ta = +25°C 
Metal Package 
Derate above Ta = +25°C 
Ceramic Dual In-Line Package 
Derate above Ta = +25°C . 


Operating Ambient Temperature Range ~ ~55 to +125 
Storage Temperature Range -65 to +150 -65 to +150 


(AK) MOTOROLA Semiconductor Products Inc. 
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MC1435, MC1535 


ELECTRICAL CHARACTERISTICS (Each Amplifier) (Voc = +6.0 Vdc, Veg = —6.0 Vdc, Ta = +25°C iniese otherwise noted.) 


; ‘Characteristics 


Input Bias Current 
_ litte Ta =+25°C 
B= ~3~ "Ta = Tow to Thigh © 
Input Offset Current 
Tap = +25°C 
Ta = +25°C to Thigh 
‘TA = Tow to +25°C 
Input Offset Voltage 
Ta = +25°C 
TA = Tiow t0 Thigh 
Differential Input Impedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f = 20 Hz) 


Common-Mode Input Voltage Swing 
See Figure 7, 


Equivalent Input Noise Voltage . 
(Ay = 100, Rg = 10 k ohms, f = 1.0 kHz, BW = 1.0 Hz) 


Common-Mode Rejection Ratio (f = 100 Hz) ; 


Open Loop Voltage Gain 
(Ta = Tiow tO Thigh) 
Power Bandwidth (See Figure 2, Curve 3A.) 
(Ay = 1, Ry = 2.0 kohms, THD < 5%, Vo=20 Vp-p) 


[Unity Gain Crossover Frequency (open-loop) 
Phase Margin (open-loop, unity gain) 


Step Response ; 


Gain = 100, 30% overshoot, 
R1=4.7k2, R2= 470k, 
R3 = 150 2, C1 = 1,000 pF 


Gain = 10, 10% overshoot, 
R1 = 47kQ, R2= 470kQ, 
R3 = 47.2, C1 = 0.01 uF 
Gain = 1, 5% overshoot, 
R1 = 47k, R2= 47k, 
R3=4.72,C1= 0.1 pF 


Output Impedance (f = 20 Hz) : 


Short-Circuit Output Current 


Power Supply Sensitivity 
VEE = constant, Rg < 10 k ohms 
Vcc = constant, Rg < 10 k ohms 


Power Supply Current (Total) — 


DC Quiescent Power Consumption (Tota!) . 
(Vo = 0) 
MATCHING CHARACTERISTICS ; 
Open Loop Voltage Gain Avol1—Avol2 


Input Bias Current * lipi-lie2 
Input Offset Current a | troi-to2 | 


Average Temperature Coefficient ~ — AChHoO1-TCHo2 
Input Offset Voltage Vi01-Vio02 


Average Temperature Coefficient Cy, or Vi 02 


£01 


: &02 


@Tiow: 0°C for MC1435 
~55°C for MC1535 
Thigh: +75°C for MC 1435 
+125°C for MC1535 


(AA) MOTOROLA Semiconductor Products inc. 


. | = oF 


Mc 


*Ceramic packages only. 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


Avot. VOLTAGE GAIN (48) 


1435, MC 1535 


TYPICAL OUTPUT CHARACTERISTICS 
(Voc = +6.0 Vdc, Veg'= -6.0 Vde, Ta = +25°C.) 


FIGURE 1 — TEST CIRCUIT 


5) 
TEST CONDITIONS 
meee 
Ry fata) | matey [cart | ner] gor | 
47k 47k 100, i ps 0.12 
ee 47k 47k "60, O00 0.46 


' 


FIGURE 2 — LARGE SIGNAL SWING 


versus FREQUENCY : : FIGURE 3 — VOLTAGE GAIN versus FREQUENCY 
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MC1435, MC1535 : 


TYPICAL CHARACTER ISTICS (co ntinued) 


FIGURE 6 — VOLTAGE GAIN versus FIGURE 8 — POWER CONSUMPTION versus 
POWER SUPPLY VOLTAGE ; POWER SUPPLY VOLTAGE 
2 
w se 25 
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FIGURE 7 — COMMON MODE SWING a 
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ma TEMPERATURE 
a DEGREES 
CENTIGRADE 


SAFE OPERATING AREA 
~ AT ANY TEMPERATURE 
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Vcc and Veg, POWER SUPPLY VOLTAGE (Vdc) 


Vicr, COMMON MODE VOLTAGE 
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FIGURE 9 — OUTPUT WIDEBAND NOISE VOLTAGE 
versus SOURCE RESISTANCE 


Vu, OUTPUT NOISE VOLTAGE, (mV) 
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FIGURE 10 — INDUCED INPUT SIGNAL 
(CHANNEL SEPARATION) versus FREQUENCY 


100 


INDUCED INPUT 
SIGNAL (e: | ) 
ing’ 


CTIA 
Hn SCT 


Vo (de) = OV 


>, INDUCED INPUT SIGNAL (uV/V) 


Bing 


. Induced input signal (uV of induced input signal in amplifier =2 
per volt of output signal at amplifier =1) 


RF 
2 92=e in2 (ag). where e o 21s the component of 
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ORDERING INFORMATION 


Device Temperature Range Package . 43 6 
MC1436G 0°C to +70°C Meta! Can MCl1 
MC1436U 0°C to +70°C Ceramic DIP 
MC1436CG 0°C to +70°C Metal Gan MC1436C 
MC1436CU o°C to +70°C Ceramic DIP 
MC1536G —55°C to +125°C Metal Can 

_ MC1536U —55°C to +125°C = Ceramic:DIP MC1536 


HIGH VOLTAGE, INTERNALLY COMPENSATED 
OPERATIONAL AMPLIFIER 


.. . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 


@ Maximum Supply Voltage — +40 Vdc (MC1536} 

@ Output Voltage Swing — ; : 
+30 Vok(min) (Vcc = +36 V, Veg =-36 V) (MC1536) 
£22 Vok(min) (Vcc = +28 V, VEE = -28 V) 

Input Bias Current — 20 nA max (MC1536) 

Input Offset Current — 3.0 nA max (MC 1536) 

Fast Slew Rate — 2.0 V/us typ 

Internally Compensated 

Offset Voltage Null Capability 

Input Over-Voltage Protection 

AVOL — 500,000 typ 

Characteristics Independent of Power Supply Voltages — 
(£5.0 Vde to+36 Vdc) — 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


METAL PACKAGE 
CASE 601 


FIGURE 1 — DIFFERENTIAL AMPLIFIER WITH + 20 V 
COMMON-MODE INPUT VOLTAGE RANGE - 
R2 
100 k 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


MC1536 
MC1436,C - 
Vo = 10(Vg—Va) 


Offset Null: [1 | | 8} N.C, 
Inv. Input | 2 | Vec 
iit [3 | 6] Output 
Vee [4 | 5] Offset Null 


FIGURE 2 — TYPICAL NON-INVERTING X10 
VOLTAGE AMPLIFIER 


79 +28 V 


Viz 44 Vpn 


MC1536 . Po x 
MC1436,C SWITCH 


Polycarbonate : “Drift due to-bias current 
SAMPLE is typically 8 mV/s F 


COMMAND 
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MC 1436, MC1436C, MC1536 


‘MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


ee 


Power Supply Voltage 


Input Differentiat Voltage Range ae + (Vcc t Vee} 
Input Common-Mode Voltage Range ' VicR +Voc. - (Vee) 
Output Short Circuit Duration (Vcc = VEE = 28 Vdc, Vo = 0) 


Power Dissipation (Package Limitation) 680 
Derate above Ta = +25°C 4.6 


Operating Ambient Temperature Range 0 to +70 


Storage Temperature Range ~65 to +150 


eee ee 
tnput Bias Current ; nAdc 
Ta = +25°C a 
TA = Tow 19 Thig 35 fe 
Input Offset Current nAdc 
Tp = +25°C : me 25 
Ta = +25°C to Thigh ‘ ci 
TA = Tlow to +25°C . = 
Input Offset Voltage ; mVdc 
Ta = +25°C ; ’ g : 12 
TA = Tow t0 Thig : 
Differential Input Impedance (Open-Loop, f <5.0:Hz) 
Parallel Input Resistance yee ohms 
: Parallel Input Capacitance 


NO 


Input Common Mode Voltage Range Mion | 24 | sa] | aze[ 225 | - | ssa] zo | | vox | 


Equivatent Input Noise Voltage AVi(H2)% 
(Ay = 100, Rs > 10 k ohms, f = 1.0 kHz, BW =.1.0 Hz) , 


Large Signal dc Open Loop Voltage Gain , 
(Vo = 4 10 V, Ry, = 100k ohms) ee = +25°C 100,000 | 500,000 70,000 | 500,000 50,000} 500,000 
; Ta = Tlow t© Thigh , 50,000 Ss 
(Vo =410V, Ri = 10k ohms, Ta = +25°C) / 200,000 — | 200,000 
Power Bandwidth (Voltage Follower) 
(Ay = 1, RL = 5.0 k ohms, THDS 5%, Vo = 40 Vp-p) 


Unity Gain Crossover Frequency (open-loop) | one | 


Output Voltage Range (Ry = 5.0 k ohms) 
“Voc = +28 Vde, Veg = -28 Vde 
Vec = +36 Vde, Veg = -36 Vde 


Power Supply Sensitivity (dc) uviv 
VEE * Constant, Rg -: 10 kK ohms : 
Vcc = constant, Rg:: 10 k ohms : , 
2.2 4.0 2.6 5.0 2.6 5.0 mAdc 
2.2 4.0 2.6 5.0 2.6 5.0 
DC Quiescent Power Consumption - : 
(Vg=0) 


Note 1: Tigw: O°C for MC1436,C “Note 2: Voc = Veg = 5.0 Vide to 36 Vde for MC 1536 
-55°C for MC 1536. Vec = VEE = 5.0 Vde to 30 Vdc for MC1436 
Thigh’ +70°C for MC1436,C Vcc = Veg = 5.0 Vde to 28 Ve for MC1436C_ 


+125°C for MC1536 


Circuit diagrams utitizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating. typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


compiete information sufficient. for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola tnc: or others. 
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 MC1436,MC1436C,MC1536 ms 


/ 


‘ 


FIGURE 4 — POWER BANDWIDTH , ‘ FIGURE 5 — PEAK OUTPUT VOLTAGE SWING versus 
POWER SUPPLY VOLTAGE. 
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Vo, OUTPUT VOLTAGE (Vp-p) 


Vo, OUTPUT VOLTAGE SWING (VOLTS PEAK) 


0 +10 "£20 £30 +40 
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f, FREQUENCY (kHz) ~ 


FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 7 — OUTPUT SHORT-CIRCUIT CURRENT 
; . versus TEMPERATURE 


AVoL. VOLTAGE GAIN (dB) 


N 


igs, QUTPUT SHORT-CIRCUIT CURRENT (mAde) 
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Ae 


FIGURE 8 — INPUT BIAS CURRENT versus TEMPERATURE 
3.2 


(1g, INPUT BIAS CURRENT (NORMALIZED) 
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- Ta, AMBIENT TEMPERATURE (°C) 


— (AA) MOTOROLA Semiconductor Products Inc. - 
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/MC1436, MC1436C, MC1536 


' FIGURE 9 — INVERTING FEEDBACK MODEL FIGURE 10 — NON-INVERTING FEEDBACK MODEL 
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Ip + 100 mAdc @ 
50 uF RI = 512 
) - Dy, D2, 03 = 1N4001 
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. x 
ong7es INS 
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Po = 36 Worms) @ Ri = 8 2 lo t : 
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. RiRTc (R3-+ RA) 
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FIGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC 


FIGURE 14 — EQUIVALENT CIRCUIT 
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ORDERING INFORMATION 


ci eee ~-MC1437 
MC1437P 0°C to +70°C Plastic DIP . ; 
MC1 537L —~55°C to +125°C Ceramic DIP : MC1537 


HIGHLY MATCHED 


DUAL OPERATIONAL AMPLIFIERS 
DUAL MC1709 


. . . designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. {deal for chopper stabilized applications where ex- 
tremely high gain is required with excellent stability. 


OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 


INTEGRATED CIRCUIT 
Typical Amplifier Features: : 


@ High-Performance Open Loop Gain Characteristics — 
AVOL = 45,000 typical 
@ Low Temperature Drift —+3 pV/°C 


@ Large Output Voltage Swing — 
+14 V typical @ + 15 V Supply 


MAXIMUM RATINGS (T, = +25°C) 


Unit 
Vde © 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1437P only) 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above Ta = +25°C 
Plastic Package MC1437P 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 
MC1537 -55 to +125 


MC 1437 | . 0 to +70 


Output 


13 
Storage Temperature Range Lag B 


11/ Input Lag B 


10} Input Lag B 


inv, Input 


Non Inv. 
Input 


input Lag o 
Non-Inverting 8 


Input 4 
inverting input o 9 


inverting Input oO 
Non-Inverting 2 6 Output 2 
Input 2 0 Lag 


Input Lago 
; 2 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 
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ELECTRICAL CHARACTERISTICS — Each Amplifier (Vc¢c = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


MC 1537 MC 1437 


[_____Charactorstie [Min [ve | Max 
Open Loop Voltage Gain 
(Ru =5.0k2, Vg =+10V, 25,000 | 45,000 70,000 45,000 
Ta = TiowM to Thigh ®) 
Output Impedance 30 
(f = 20 Hz) ‘ 
Input Impedance 150 
(f = 20 Hz) 
Output Voltage Range 
(Ry = 10k) £14 


(Ry = 2.0 ks2) 


{4 +l9 (Ta =+25°C) 
(Ta = Tlow@) 
Input Offset Current ; 
(io =I -12, Ta = Tow@) 
(ho = 14-12, Ta = Thigh @) 
Input Offset Voltage 
(Ta = +25°C) 


Ta = Tlow@ to Thigh @) 
Step Response . 


ie i 
° 
Saar 
OM, 


ina t+ 
pO} lt rat 
fo) No 


Gain = 100, 5% overshoot, _ -tTLH 
Ry = 1k, Ro = 100K, tPLHtPHL 
Rg = 1.5 kS2,Cq = 100 pF, Cy = 3.0 pF I a8 


Gain = 10, 10% overshoot, tTLH 
Ry =1kQ,R9=10k2, | tPLHtPHL 
SR 


R3=1.5k&2, Cy = 500 pF, Cz = 20pF 


'TLH 
tPLH PHL 
SR 


Gain = 1, 5% overshoot, } 
Ry = 10k92,R9=10kK2, 
R3=1.5k382, Cy = 5000 pF, Co = 200 pF 


Average Temperature Coefficient of 
Input Offset Voltage 


(Rg = 5082, Ta = Tiow @ to Thigh @) 
(Rs S$10ki2, TA = Tiow @ to Thigh ®) 
Average Temperature Coefficient of 

Input Offset Voltage | ; 


AljQ/4T 
(Ta = Tlow @ to +25°C) 
(Ta = +25°C to Thigh @ 


DC Power Consumption (Total) Pc 
(Power Supply = +15 V, Vo = 0) 


Positive Supply Sensitivity PSS+ 
(Vee constant) ; 


Negative Supply Sensitivity : PSS- 
(V 


constant) . 


® Tow = 0°C for MC1437 Ortnigh = +70°C for MC1437 
= -59°C for.MC1537 ° = +125°C for MC1537 


MATCHING CHARACTERISTICS 


Open Loop Voltage Gain AvOLt-AVOL2 


Input Offset Current 401-1102 


Average Temperature Coefficient ee |- eee | = | 


Input Offset Voltage Vio1-Vio2 
Average Temperature Coefficient (M101 |- (AVi02 i 
AT AT 


“1 Channel Separation 21 
(f = 10 kHz) e02 


| Mc1437, MC1537 ~ 


a 7: 


| ‘ TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 3 — TEST CIRCUIT 
Be Pio oo 0, 
Vec = +15 Vie, Veg = 15 Vdc, Ta = 25°C 


cuavE WouTaGt TEST CONDITIONS aie 
Pesan | aay [am re [ee inva 


FIGURE 4 — LARGE SIGNAL SWING : . Z 
- versus FREQUENCY . : FIGURE 5 — VOLTAGE GAIN versus FREQUENCY 
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FIGURE 6 —- OPEN LOOP VOLTAGE GAIN FIGURE 7 — TOTAL POWER CONSUMPTION 
. versus FREQUENCY versus POWER SUPPLY VOLTAGE 
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MUST BE ADDED TO THE ABOVE 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — VOLTAGE GAIN versus ; : . FIGURE 9 — COMMON INPUT SWING 
POWER SUPPLY VOLTAGE versus POWER SUPPLY VOLTAGE 


Ayoi, OPEN LOOP VOLTAGE GAIN (ga) 


CMV;,, COMMON MODE VOLTAGE SWING (VOLTS) 


0 5.0 10 ; 15 20 0 5.0 10 : 15 20 


Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) ; Vcc and VEE, POWER SUPPLY VOLTAGE (VOLTS) 
FIGURE 10 — INPUT OFFSET VOLTAGE ~ FIGURE 11 — OUTPUT NOISE VOLTAGE | 


versus TEMPERATURE versus SOURCE RESISTANCE 7 


Cy=10pF C=3.0pF A3=0 i=—— ase 


io 
oe | 
SE 5 eee 


Vp out OUTPUT NOISE VOLTAGE (mV) 


AVi0, INPUT OFFSET VOLTAGE CHANGE (mV) 


1.0" 
-0.4 —— as 
TH Ay = 10 Cy = 510 pF CC® 
Se Ay= 1.0 Cy = 0.005 uF Cp = 200 pF Rg= 1.5k 
mE a= oan 
-08 o ESSE IOI 
60 -40  -20 0 +20. +40 +60 +80. +100 +120 +140. 100 1.0k 10k 100k 


Ta, AMBIENT. TEMPERATURE (°C) : Rg, SOURCE RESISTANCE (OHMS) 


FIGURE 12 — INDUCED OUTPUT SIGNAL 
(CHANNEL SEPARATION) versus FREQUENCY 


1000 


100 


@o2, INDUCED OUTPUT SIGNAL (uV/V) 


Induced output signal (uv of induced output signal in 
00 © 10k 10k 100 k amplifier #2 per-volt of output signal at amplifier #1). . 
f, FREQUENCY (Hz) : 
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ORDERING INFORMATION 


Device Temperature Range 
MC1439G o°c to +70°C 
MC1439L 0°C to +70°C 
MC1439P1,P2 0°C to +70°C 
MC1539G ~—55°C to +125°C © 
MC1539L —55°C to +125°C 


UNCOMPENSATED OPERATIONAL AMPLIFIER 


Package 


Metal Can 
Ceramic DIP 
Plastic DIP 
Metal Can 
Ceramic DIP 


vie designed for use as a summing amplifier, integrator, or amplifier 


with operating characteristics as a function of the external feedback 


components. 
Note AN-439. 


Low Input Offset Voltage — 3.0 mV max 

Low Input Offset Current — 60 nA max 

Large Power-Bandwidth — 20 Vp-p Oviput Swing 
Output Short-Circuit Protection 

Input Over-Voltage Protection . 

Class AB Output for Excellent Linearity 

High Slew Rate — 34 V/us typ 


For detailed information see Motorola Application 


at 20 kHz min 


FIGURE 1 — HIGH SLEW-RATE INVERTER 


+15 V -15 V 
Voc Vee 


FIGURE 2 — OUTPUT NULLING CIRCUIT 


10k <Rg <100(R3) (Voc) 


FIGURE 3 — OUTPUT LIMITING CIRCUIT 
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C1439 
M1539 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


L SUFFIX 
CERAMIC PACKAGE: 
CASE 632 
(TO-116) 


13) N.C. 
12} Compensation 


10} Output 


Compensation | 3 


Inv. Input [4] 
Non-tnv. Input 


Vee [6 | Output Lag 
N.C. | 7 BI NC: 


(Veg thru Substrate 
on P2) 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC 1439 only) 


, PT SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1439 only) 


[8] Compensation 


Inv. Input al Vcc 
Non-inv. Input [3 | 6 | Output 


Vee [4] 


Compensation [1] 


B Output Lag 


MC1439, MC1539 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


Input Bias Current 
(Tp, = +25°C) 
(Ta = Trow@) 
Input Offset Current 
(Ta = Tlow) 
(Ta = +25°C) 
(Ta = Thigh@ ) 
Input Offset Voltage 
(Ta = +25°C) 
(Ta = Tow: Thigh! 
Average Temperature Coefficient of Input 
Offset Voltage (T a = Tiow to Thigh! 
(Rg = 50 2) 
(Rg <10 kQ) 


} 
Equivalent Input Noise Voltage nV/(Hz)% 
‘(Rg = 10k, Noise Bandwidth = 1.0 Hz, : : 
f = 1.0 kHz) 
kHz 


‘| Common-Mode Rejection Ratio 
(f = 1.0 kHz) 


Open-Loop Voltage Gain (Vg=+10V, Ry = : ; ; 
10k, Rg =) (Ta = +25°C to Thigh! 
(Ta = Tlow) : 
Power Bandwidth (Ay = 1, THD < 5%, 
Vo = 20 Vp-p) 
(Ru = 2.0kQ) ; 
(RL = 1.0k2, Rg = 10k) 


Step Response : : 
Gain = 1000, no overshoot, : : te 


R1=1.0k2, R2=1.0MQ, R3=1.0k22, ns 


R4= 30k, R5= 10k, C1 = 1000 pF Vis 
R1=1.0kQ2, R2=1.0MQ, R3=1.0k2, 
R4=0, R5= 10k, C1 = 10 pF 


R1=1.0k2, R2= 100k2, R3=1.0k%2, 
R4= 10k, R5= 10k, C1 = 2200 pF 


Gain = 1000, 15% overshoot, 


R4 = 1.0k2, R5S=10k2,C1 = 2200 pF 
Gain = 1, 15% overshoot, 

R1= 10kQ, R2=10kN, R3=5.0Kk2, 

R4 = 390 2, R5= 10k, C1 = 2200 pF 


Gain = 100, no overshoot, 


Gain = 10, 15% overshoot, :: 
R1=.1.0k2, R2=10k2, R3=1.0k2, 


Output Impedance | 
|. (f = 20 Hz) 


Output Voltage Swin 
(Ry = 2.0kQ, f = 1.0-kHz). 


(Re = 1.0 kQ, f = 1.0 kHz) 


Negative Supply Rejection Ratio F 
(Vcc constant, Rg = 0%) 


Power Supply Current 
(Vo = 0). 


® Tow = 0°C for MC1439_ Thigh = +70°C for MC1439 
— 55°C for MC1539 +125°C for MC1539 
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- [Power Supply Voltage ’ Vee 
; VEE 


Differential Input Voltage Range VIDR 


_ | Power Dissipation (Package Limitation) 
1 Metal Package : 
Derate above Ta = +25°C 
Ceramic Dual tn-Line Package 
Derate above T 4 = +25°C 
Plastic Dual In-Line Packages MC1439 
Derate above Ta = +25°C 


Operating Temperature Range MC1539 


- MC1439 y 
Storage Temperature Range 
Metal: and Ceramic Packages : ~65 to +150 
Plastic Packages ; -55 to +125 
FIGURE 4 — EQUIVALENT CIRCUIT SCHEMATIC : FIGURE 5 — EQUIVALENT CIRCUIT 
Voc 
INPUT 


o 
NON-INVERTING INPUT eRT 


INVERTING. 
OUTPUT LAG 


OUTPUT 
VEE LAG 


VEE 
O 


FIGURE 6 — TEST CIRCUIT 


TYPICAL OUTPUT CHARACTERISTICS 
(Voc = +15 Vde, Veg ='-15 Vide, Ta = +25°C 


VOLTAGE TEST CONDITIONS (FIGURE 6) 
GAIN 
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TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 Vdc, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 7 ~ LARGE-SIGNAL SWING versus FREQUENCY 


Vg, OUTPUT VOLTAGE (Vp-p) 
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FIGURE 9 — OUTPUT VOLTAGE 


SWING versus LOAD RESISTANCE ~ 


a 
Be THT | ievatrasme{H : 


| £18 VOLT SUPPLIES | | VOLT SUPPLIES 


| | 
+12 VOLT SUPPLIES 


Vo, QUTPUT VOLTAGE (Vp.9) - 
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FIGURE 11 — OUTPUT VOLTAGE SWING 
(to clipping) versus SUPPLY : 


Vo, OUTPUT VOLTAGE SWING (clipped) (+Vp) 


£14 
SUPPLY VOLTAGE (VOLTS) 


£16 £16 
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£18" 
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Avol, OPEN-LOOP VOLTAGE GAIN (dB) 


PHASE SHIFT (deg) 


‘AgL, CLOSED-LOOP GAIN (dB) 


~ *AcL = Closed-Loop Gain 


GURE 8 — OPEN- LOOP VOLTAGE GAIN versus FREQUENCY - 
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FIGURE 12 — CLOSED-LOOP GAIN versus FREQUENCY 
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MC1439, MC1539 


- TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 13 — Acy.* = 1 RESPONSE versus TEMPERATURE 


a ] 
2 200 FU AT II 
: ee i We 
ro) 
3° 
a 
4 
[PY] 
na 
3 ‘ 
oO Peaking can be eliminated by 
2 using heavier compensation 
< at the expense of slight band- 

-15 width reduction. 

-20 

1.0k 10k 100 k 1.0M 10M 


f, FREQUENCY (kHz) .- 


FIGURE 15 — Ac, = 100 RESPONSE versus TEMPERATURE 


AcL, CLOSED-LOOP GAIN (dB) 


f, FREQUENCY (kHz) 


FIGURE 17 — SPECTRAL NOISE DENSITY 
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Ni ue Fe[> 


en, EQUIVALENT INPUT NOISE (nVA/Hz) 


i 


; f, FREQUENCY (Hz) 
“Aci = Closed-Loop Gain 


10k 


FIGURE 14 — Ac, = 10 RESPONSE versus TEMPERATURE 


ACL, CLOSED-LOOP GAIN (dB) 


100 k 
f, FREQUENCY (kHz) 


FIGURE 16 — Ac, = 1000 RESPONSE versus TEMPERATURE 
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[—] 
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FIGURE 18 — OUTPUT NOISE versus SOURCE RESISTANCE | 
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-MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 20 — POWER DISSIPATION versus 


FIGURE 19 — POWER DISSIPATION versus TEMPERATURE POWER SUPPLY VOLTAGE 

130 : 200 
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z 110 z 
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-55 -25 0 +25 +60 +75 +100 «+125 10 20 14 16 18 
Ta, AMBIENT TEMPERATURE (°C) 
Vcc AND Veg, POWER SUPPLY VOLTAGE (VOLTS) 
FIGURE 21 — POWER BANDWIDTH . FIGURE 22 — COMMON-MODE INPUT VOLTAGE 


(LARGE-SIGNAL SWING versus FREQUENCY) versus SUPPLY VOLTAGE 


UNITY GAIN COMPENSATION ono 
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— | ; 


"  THD=5.0% 
- Voltage Follower Configurati 


Vo, QUTPUT VOLTAGE SWING (Vp) 


VicR, COMMON-MODE INPUT VOLTAGE (VOLTS) 
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: f, FREQUENCY (Hz) ; Vec, |Vegl, SUPPLY VOLTAGE (VOLTS) 
FIGURE 23 — COMMON-MODE REJECTION RATIO FIGURE 24 — COMMON-MODE REJECTION RATIO 
versus FREQUENCY : versus TEMPERATURE 
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__MC1439, MC1539~ 


+6.0 


VOLTS 
i—] 


FIGURE 26 — VOLTAGE FOLLOWER 
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Zin > 40 M OHMS 
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FIGURE 25 — VOLTAGE-FOLLOWER PULSE RESPONSE 
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TYPICAL APPLICATIONS ° 


FIGURE 27.— DIFFERENTIAL AMPLIFIER FIGURE 28 — SUMMING AMPLIFIER 


e] 
e2 


e3 


sa Fe fe ele 1 + Be a Rg = Parallel Combination of Ry, R2, R3, RF. 
ep = - ls el oF e2+ aE 
For R3= 1 R2 oR Rz “2” Rg 3 
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FIGURE 29 —+15 VOLT REGULATOR 


2N4921 or Equiv 
Vor 


For detailed information see Motorola 
Application Note AN-480. 


+Sense 
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--MC1439, MC1539 


TYPICAL APPLICATIONS (continued) 


FIGURE 30 — LOAD REGULATION FOR . FIGURE 31 — REGULATOR OUTPUT VOLTAGE 
CIRCUIT OF FIGURE 29 . ; (under pulsed load condition) 


VNOMINAL - Vo (MILLIVOLTS)} 


200 


LOAD CURRENT (MILLIAMPERES) : Horizontal. Scale: 200 ps/Div 
Vertical Scale: 1 mV/Div 
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ORDERING INFORMATION 


Device Temperature Range Package 
MCI4S6CLLCUU O° to +700 Cerami DIP MC1456 © 
MoisseG 55°C to F 125°C Metal Can MC1456C 
MC1S56U “35010 41250 Ceramic DIP MC1556 


_ OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
. - OPERATIONAL AMPLIFIER 


. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback - 
components. For detailed information, see Application Note AN-522. 


G PACKAGE 
CASE 601 


Low Input Bias Current — 15 nA max 
Low Input Offset Current — 2.0 nA max 
Low Input Offset Voltage — 4.0 mV max 


e@ 
e 
e 
@ Fast Slew Rate — 2.5 V/s typ ai oriyas 
‘@ Large Power Bandwidth — 40 kHz typ 
@ Low Power Consumption — 45 mW max U SUFFIX 
© Offset Voltage Null Capability a , , | | EBERANIC ERCEAGE 
‘® Output Short-Circuit Protection ae SUFFIX 
® Input Over-Voltage Protection PLASTIC PACKAGE 
CASE 626 


Offset Null 


TYPICAL INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT versus TEMPERATURE for MC1556 


nN 
ao 


lip, INPUT BIAS CURRENT (nA) 
lig, INPUT. OFFSET CURRENT (nA) 


+50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


o 


INPUTS 


5 VOLTS/DIVISION 


OUTPUT 


2 us/DIVISION 


o> OFFSET NULL 
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'MC1456, MC1456C, MC1556 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 
Rating 


Power Supply Voltage 


Differential Input Voltage Range 
Common-Mode Voitage Range 
Load Current 

Output Short Circuit Duration 


Power Dissipation (Package Limitation) 
Derate above Tq = +25°C 

Operating Temperature Range 

Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, VEE - - 15 Vdc, Ta = +25°C unless otherwise noted). 


Input Bias Current 
Ta= +25°C 
TA = Tlow to Thigh (See Note 1) 
input Offset Current 
Ta = +25°C 
Ta = +25°C to Thigh 
TA = Tiow to +25°C 
input Offset Voltage 
Ta = +25°C 
Ta = Tiow t© Thigh 
Differential Input tmpedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 
” Parallel Input Capacitance 


Common-Mode Input Impedance (f = 20 Hz) 
. Common-Mode Input Voltage Range 


Equivalent Input Noise Vottage 
(Ay = 100, Rg = 10k ohms, f = 1.0 kHz, BW = 1.0 Hz) 


Common-Made Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain, (Vo = +10 V, Ry = 2.0 k ohms) 
Ta =+25°C © 
TA = Tiow to Thigh 


a 


2 


aonna 


.AVAHz)% 


= wo 
A nati = a 8 te 


Power Bandwidth 
(Ay = 1, Ry = 2.0 k ohms, THDS5%, Vo = 20 Vp- -p) 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain} 


Power Supply Rejection Ratio 
Voc = constant, Rg S10 k ohms 
VEE = constant, Rg <10 k ohms 


Note 1: Tigw: 0° for MC1456 and MC1456C 
. -558°C for MC1556 
Thigh: +70°C for MC1456 and MC1456C 
+125°C for MC1556 


3-47 


‘ (C1456, MC1456C, MC1556 - Sears | 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, VEE = -15 Vdc, Ta = +25°C unless otherwise noted). 


FIGURE 1 — INPUT COMMON-MODE SWING versus 
POWER SUPPLY VOLTAGE 


46.0 +9.0 £12 +16 £18 +21 £24 
- Voc, VEE, POWER SUPPLY VOLTAGE (Vdc) 


Vicr, INPUT COMMON-MODE VOLTAGE RANGE (VOLTS) 


FIGURE 3 — COMMON-MODE REJECTION 
RATIO versus FREQUENCY 


CMRR, COMMON-MODE REJECTION RATIO (dB) 


10k 10k 100k 10M 10M 100M 


f, FREQUENCY (Hz) 


FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE 
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f, FREQUENCY (Hz) 
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AVOL, OPEN-LOOP VOLTAGE GAIN (V/V) * 


AVOL, OPEN-LOOP VOLTAGE GAIN (V/V) 


FIGURE 2 — SPECTRAL NOISE DENSITY 


€n, EQUIVALENT NOISE (nV/VHz) 
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FIGURE 4 — OPEN-LOOP VOLTAGE GAIN 
versus TEMPERATURE 


MC1456 
.MC1456C 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — OPEN-LOOP. VOLTAGE GAIN 
- versus SUPPLY VOLTAGES . 


Vcc, VEE, SUPPLY VOLTAGES (Vdc) 
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“ MC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — OPEN-LOOP PHASE SHIFT 


FIGURE 8 — OUTPUT SHORT-CI RCUIT CURRENT 
versus TEMPERATURE 


¢, PHASE SHIFT (DEGREES) 


10k 100k 1.0M 


f, FREQUENCY (Hz) 


FIGURE 9 — POWER BANDWIDTH 
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NS TS 
ch an 


Vg, OUTPUT VOLTAGE (Vp-p) 
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- los, OUTPUT SHORT-CIRCUIT CURRENT (mAdc) 


CHERCECE oo é 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — OUTPUT VOLTAGE SWING versus 
. LOAD RESISTANCE 


ze “£18V aldol ; 


Zane 
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Vo, OUTPUT VOLTAGE (Vp-p) 


500 10k © 20k ° 
"RL, LOAD RESISTANCE (OHMS) 
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FIGURE 11 — POWER DISSIPATION versus 


nore 


Pp, POWER DISSIPATION (mW) 
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POWER SUPPLY VOLTAGE 
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| ee 


$6.0 +8.0 10 4120 414 «416 «+18 +20. +22 


Vcc. VEE, POWER SUPPLY VOLTAGE (Vdc) 
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MC1456, MC1456C, MC1556 | Ber ee eas 


TYPICAL APPLICATIONS ; 


‘Where values are not given for external components they must be selected by the 
designer to fit the requirements of the system. 


FIGURE 12 — INVERTING FEEDBACK MODEL . FIGURE 13 — NON-INVERTING FEEDBACK MODEL 


FIGURE 14 — LOW-DRIFT SAMPLE AND HOLD 


+15 V 


Serre MC1456,C 


MC 1556 
Vi 


“Drift due to bias current 
is typically 8 mV/s 


1.0 pe , 
Polycarbonate 
SAMPLE 


COMMAND = -15V 


a FIGURE 15 — HIGH IMPEDANCE BRIDGE AMPLIFIER 


MC 1456,C 
- MC1556 


MC1456,C 
MC1556 


-MC1456,C 


MC 1556 NULL 


ADJUST, 
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MC1456, MC1456C, MC1556 


4 


TYPICAL APPLICATIONS (continued) 


FIGURE 16 — LOGARITHMIC AMPLIFIER ae FIGURE 17 — VOLTAGE OFFSET NULL CIRCUIT 


MC 1456, C 
MC 1556 


Vi >0 


Vo 

\ 

, VO = Kyln (K2Vj) I 
VEE 


OFFSET 
ADJUST 


See Application Note AN-261A for further detail. 


FIGURE 18 — HIGH INPUT IMPEDANCE, HIGH OUTPUT 
CURRENT VOLTAGE FOLLOWER 


MC 1438R 
MC 1538R 


MC1456,C 
MC 1556 


Vv; 

i Vo 
Zz] = 250MQ 
Zo = 100 ps2 


pErSe an 470 pF 19 = 100 mA (max) 


ADJUST 


OUTLINE DIMENSIONS 
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-- - ORDERING INFORMATION 


Device Temperature Range Package 
MC1458G,CG,NG 0°C to +70°C Meta! Can 
MC1558G,NG —55°C to +125°C Metal Can 
MC1458CL,CU,L, 0°c to +70°C Ceramic DIP : 

NL,NU,U ‘ t 
~MC1558L,NL,NU,U. = —55°C to +125°C Ceramic DIP 
MC1458CP1,CP2, Plastic DIP 


O°C to +70°C 
_NP1,NP2,P1,P2 


DUAL MC1741 
INTERNALLY COMPENSATED, HIGH PERFORMANCE 
MONOLITHIC OPERATIONAL AMPLIFIERS 


... . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 


! 


No Frequency Compensation Required 

Short-Circuit Protection 

Wide Common-Mode and. Differential Voltage Ranges 
Low-Power Consumption . 

No Latch Up 

Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted): 
' VEE -18 -22 Vde 


Output Short Circuit Duration (Note 2) Continuous 
Operating Ambient Temperature Range ~55to+125 °C 


Storage Temperature Range T stg . 2¢ 
-65 to +150 
-55 to +125 . 


Metal, Flat and Ceramic Packages 
’ Plastic Packages 


Junction Temperature 
Metal and Ceramic Package 
Plastic Package : 


Note 1. for-supply voltages less than + 15 V, the absolute maximum input voltage is equal 
~ o to the supply voltage. 
Note 2. Supply voltage equal to or less than 15 V. 


352 


C1458 MC1458N 
Mc1458C 
MC1558 MC1558N 


(DUAL MC1741) 


DUAL 
OPERATIONAL AMPLIFIER © 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT. 


_ G SUFFIX 
METAL PACKAGE 
CASE 601 


P1 SUFFIX 
,. PLASTIC PACKAGE 
CASE 626 
(MC1458,MC1458C,MC1458N) 


U SUFFIX 


CERAMIC PACKAGE 
CASE693. ! 


L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

TO-116 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646° 


“ | (MC1458,MC1458C,MC1458N) - 


Output A 


Offset [3] 
Adjust 
[4] 


A 


, 


MC1458, MC1458N, MC1458C, MC1558, MC1558N_ 


ELECTRICAL CHARACTERISTICS — Note 1.(Vcc = 15 V, VEE = 15 V, Ta = 25°C unless otherwise noted).. 


a ee eee ee [Min | 
"| Input Offset Voltage ; ; : Vio - 
(Rg < 10k) 


4 
< 
3 
c 
2, 
- 


w 
fo} 
oO 


= 
° 


+ 
nN N NO 
= 3 4 


~ 
oO 


+ 
x 
Ww 


V/imvV 


Large Signal Voltage Gain 
(Vo =+#10 V, Ry = 2.0 k) 
(Vo = £10 V, Ry, = 10 k) 


[OutputResistance 
Common Mode Rejection Ratio 

(Rg < 10 k) 
Supply Voltage Rejection Ratio 

(Rg < 10k) : : 
Output Voltage Swing 
(Ry =.10 k) 
(RL 22k) 


Output Short-Circuit Current 


+ 
= 
hb 


om 
— 
wo 


Supply Currents (Both Amplifiers) 


Transient Response (Unity Gain) 


70 Lie | = | 70 | 240 | 
(Vj = 20mV, Ry > 2k2, CL <100pF) Rise Time 
(Vj = 20mV,-Ry. > 2k, CL < 100 pF) ‘ Overshoot 


0.3 0.3 Ms 
15 15 % 
(Vj=10V, Ry >2k2,CU <100 pF) Stew Rate 5 0.5 Vius 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Vee = 15 VTA = *Thigh to Tiow unless otherwise noted). 


‘ = 
; < 3Z/o;/Sjs{a} 3 


Characteristic 


Input Offset Voltage 
(Ro <10.kQ) 


Input Offset Current 
(Ta = 125°C) 
(Ta =-55°C) 


(Ta =0°C to +70°C) - 


Input Bias Current . 
(Ta = 125°C) im 30 | 500 
(Tp = -55°C) ; 300 | 1500 
1 (Ta = 0°C.to +70°C) . = 7 
| - | - | - | 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio ; 
(Rs < 10 k) : : 


Output Voltage Swing 
(Ry > 10 k) 


Large Signal Voltage Gain 
(Vo = #10 V, RL = 2k) 
(Vg = #10 V,R_ = 10k) | 


Supply Currents-(Both Amplifiers) 
(Ta = 125°C) 
(Ta = -55°C) ’ 
Power Consumption (Ta = 125°C) 
‘ (Ta = -55°C) 


*Thigh = 125°C for MC1558 and 70°C for MC1458, MC1458C 
Tlow, = -55°C for MC1558.and 0°C for MC1458, MC1458C Note 1. Input pins of an unused amplifier must be grounded. 


(AA) MOTOROLA Semiconductor Products Inc. 


MC1458, MC1458N, MC1458C, MC 1558, MC1558N 


_ NOISE CHARACTERISTICS (Applies for MC1558N and MC1458N only, Vcc = 15 V, Veg = -15 V, Tae 25°C) 


Burst Noise (Popcorn Noise) 
(BW = 1.0 Hz to 1.0 kHz, t= 10s, 
. Rg = 100 k2) (Input Referenced) 


2 


En, INPUT NOISE (peak) (uV) 
En, INPUT NOISE (rms) (uV) 


1 

nn aul 

a Co 
10 100 1.0k 10k 100-k 1.0M : 10 100 0 


Rs, SOURCE RESISTANCE (GHMS) Rs, SOURCE RESISTANCE (OH MS) 


FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY 


INPUT NOISE (nV/i/fiz) 


Ey, OUTPUT NOISE (RMS) (mV) 


— «10k 10k 
Rs, SOURCE RESISTANCE (OHMS) é . f, FREQUENCY (Hz) 


FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 


Positive 
Threshold 
Voltage . 


To Pass/Fail 
Indicator 


Low Pass 
- Filter 
1.0 Hz to'1 kHz 


’ Operational Amplifier 
Under Test 


Negative 
: * Threshold 

For. applications where low noise performance is essential, selected - Voltage 

devices denoted by an N suffix are offered. These units have been : 

100% tested for burst noise pulses on a special noise test system. The test. time employed .is 10 seconds and the 20 uV peak 
. Unlike conventional peak reading or RMS meters, this system was _ limit refers to the operational amplifier input thus eliminating 

especially designed to provide the quick response time estential to errors in the closed-loop gain factor of the operational amplifier 

burst eapopeorn! noise testing. 2 under test. . 


Bd) MOTOROLA eo PMC CUCE CIOL Products Inc. 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted). 


FIGURE 6 — POWER BANDWIDTH : 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE 


Vo, OUTPUT VOLTAGE (Vp-p) 
Ayol, VOLTAGE GAIN (dB) 


10 ; 100 ; 10k 10k 100 k 1.0 10 160 1.0k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) . . f, FREQUENCY (Hz) 
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING : FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus LOAD RESISTANCE 


Pe a oe 
Fe 8 em we 
. 13 a 
ey Cy 
= caitt Cy 
oon RBar d 
Boe mimyess: 
Cie mail 
a VT 
See pees; 
ae “mane 
ae Pat oapchs 
Psy ptt TTT 
es cao 
a es aes Oa AR Ae a 
“100 200 600 700 1.0k 2.0k 5.0k70k 10k 100 200 500 700 1.0k 2.0k 50k 7.0k 10k 
Ri, LOAD RESISTANCE (QHMS) R., LOAD RESISTANCE (OHMS) 
FIGURE 10 ~— OUTPUT VOLTAGE SWING versus : 
LOAD RESISTANCE (Single Supply Operation) FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER 


‘Vo, OUTPUT VOLTAGE SWING (Vp.o) 


0 100220 = «0630 0=«6«-400606« 45600 607.0 80 869.0 10 
Ri, LOAD RESISTANCE (k9) 


(AA) MOTOROLA Semiconductor Products Inc. 
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+ MC1458, MC1458N, MC1458C, MC1558, MC1558N_ 


t 


FIGURE 12 — NON-INVERTING PULSE RESPONSE 


5.0 V/DiV 


10 us/DIV 


FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT ~ 


To Scope 
(Input) 


To Scope 
(Output) 


FIGURE 14 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


__ Av, VOLTAGE GAIN (dB) 


6.0 - 80 10 12-14 16 18 20 
Vcc, Vegi, SUPPLY VOLTAGES (VOLTS) 


0 2.0. 40 


. (AA) MOTOROLA Semiconductor Products Inc. 


‘ 
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_ ORDERING INFORMATION | 
Package 


Device Temperature Range 
MC1458SG 0°c to +70°C Metal Can 
MC1458SL 0°C to +70°C Ceramic DIP 
MC1458SP1 ‘0°C to +70°C Plastic DIP | 
MC1458SP2 0°C to +70°C Plastic DIP 
MC1458SU 0°C to +70°C Ceramic DIP 
MC1558SG —55°C to +125°C © Metal Can 
MC1558SL —55°C to +125°C Ceramic DIP. 
—55°C to +125°C Ceramic DIP 


MC1558SU 


~ DUAL HIGH SLEW-RATE INTERNALLY- 
COMPENSATED OPERATIONAL AMPLIFIERS 


The MC1658S is functionally equivalent, pin compatible, and 
possesses the same ease of use as the popular MC1558 circuit, yet 
offers 20 times higher slew rate and power bandwidth. This device is 
ideally suited for D/A converters due to its fast settling time tend 
high slew rate. 


® High Slew Rate — 10: V/s Guaranteed Minimum (for inverting 
unity gain only) 
No Frequency Compensation Required 
Short-Circuit Protection 
Offset Voltage Null Capability 
Wide Common-Mode and Differential Voltage Ranges 
Low Power Consumption 
No Latch-Up 


TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER. 


Vref = 2:0 Vde 
R1=R22=1.0kQ_ 
Ro =5.0kQ2 


Voc = 5.0V 


R1 
MSB A1 5 
A2 6 


aS MC1508L-8 
AA 8 MC1408L. 


AS 9 j Series 
A610 : 
A711 O-—-4 


LSB A812 


VeeE=-15V 


Settling time to within 1/2 LSB (£19.5 mV) is approxi- 
mately 4.0 us from the time that all bits are switched. 

*The value of C may be selected to minimize overshoot 
. and ringing (C ~ 68 pF). : 


‘ Theoretical . 


‘A2 .A3 -A& AS AGB A7. AB 
Se ee ee ee 
16 32 64 128 256 


Adjust Vre¢, R1 or aa so that Vo with all digital inputs at high level ; 

is equal to 9.961 volts. - 2 
2Vv (5k) 1 1 1 ce 1 1 

=e — t— t$— t+ t+ + — 

YO" TK 2°48 16 32 64 128 "266 


6 2 357 


(i fom 


MC1458S 
MC1558S 


DUAL 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Output A (7) (7) Output B 
Inverting g Pay Inverting 
Input A X./ AY Input B 


Non- -Inverting (3) 


-l i 
Input’ Ae. ae nverting 


Input B”’ 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1458S only) 


Adjust A’ 
Offset 
Inverting Adjust B 
InputA [+] 
Non-Inverting ‘Inverting 

Input B 
Non-Inverting 
InputB . 


P1 SUFFIX 
’ PLASTIC PACKAGE 
. CASE 626 
(MC1458S Only) 
- U SUFFIX 


CERAMIC PACKAGE 
CASE.693 


nvertin ; 
ting Output B 


: Input A 
‘Non-Inverting Inverting 
<E Input B 


5 | Non-Inverting 
Input B 


MC1458S, MC1558S 


MC1558S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1558 versus MC 1558S RESPONSE COMPARISON 
(Inverting Mode) (inverting Mode) : 


10 us/Div. 


Inverting 
{Input 


Noninverting 


be J ¥ a 
eH aL (pL 


oe 
Offset Null : VEE 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


-| Power Supply Voltage 


Input Differential Voltage Range —_—(1) 
Input Common-Mode Voltage Range (2) 


Output Short Circuit Duration 
Operating Ambient Temperature Range 


Junction Temperature - Ceramic and Meta! Package Ty n 175 175 . 
. Plastic Package - 150 150 


‘Note 1. For supply voltages less than +15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2.. Supply voltage equal to or Jess than 15 Vde. 


x 


7 @) MOTOROLA Semiconductor Products inc. 
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MC1458S, MC1558S_ 


ELECTRICAL CHARACTERISTICS (Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


Characteristic 
Power Bandwidth (See Figure 3) 
Ay = 1, RL = 2.0 k2, THD = 5%; Vg = 20 Vp-p) 
Large-Signal Transient Response : 

Slew Rate (Figures 10 and 11) 

V(-) to V(+) 

“ M+} to V(-) 

Settling Time (Figures 10 and 11) 
(to within 0.1%) 
Small-Signal Transient Response 

(Gain = 1, Ejn = 20 mV, see Figures 7 and 8) 

Rise Time : 

Fall Time 

Propagation Delay Time 
Overshoot 


NO 
Be 
Oo 3 

x 

x 

N 


n 
Ps) 
rz 
a 


+10 


50/000 | 200,000 


Vo 
+12 
+10 


nput Common-Mode Voltage Swing ViCR +12 
ommon-Mode Rejection Ratio (f = 20 Hz . CMRR 7 


20 

+10 | - | +35 m 

20,000 | 100,000 
5 


20. 


w 


+o] 


eo 
N 
aa 


{=} 
Ww 
a 


N 
8 
< 
no] 
e 


< 


Output Voltage Swing 
Rc =10k2 
Rp = 2.0k2 


< 
:1 
x 


= 


~~ 

f=) 
I+ + I+ 
— = 
w OL 


fo) 


2 
> 


Input Bias Current (See Figure 2) Raa 
Input Offset Current poe 4 
| [Input Offset Voltage (Rg = <10 kK) Viol 
‘ | DC Power Consumption (See Figure 9) Pc 
(Power Supply = +15 V, Vo = 0) 
Positive Voltage Supply Sensitivity. PSS+ 
. (VEE constant) - 
Negative Voltage Supply Sensitivity PSS- 
(Vcc constant) é 


**Plastic package offered in limited temperature range device only. = 


ELECTRICAL CHARACTERISTICS (Vcc = 15 Vde, Veg =-15 Vde, Ta = -55 to +125°C for MC1558S and Ta = 0 to 70°C for. 
MC14585S, unless otherwise noted.) ‘ 


Open Loop Voltage Gain 
Vo=+10V 
Output Voltage Swing 
Ry = 10 k2 : 
Rp =2k2 
Input Common-Mode Voltage Range . 


Commo.1-Mode Rejection Ratio (f = 20 Hz) — 


Input Bias Current 
Ta = 125°C 
Ta = -55°C 
Ta = Oto 70°C: 
Input Offset Current 
Ta = 125°C 
Ta = -55°C 
Ta = Oto 70°C 
Input Offset Voltage 
Rs < 10k2 | 
OC Power Consumption 
Vo =0V 
Positive Power Supply Sensitivity 
Veg *~15V : 


Negative Power Supply Sensitivity : : 
Vec= 15 V ‘ 
®) MOTOROLA Semiconductor Products inc. 


3-59, 


200 


2 


(2 


Oo 
oO 


I+ I+ I+ 
= os 
NO on 
Nn 
oO 


w 
oO 
< 


170 
uVIV 


N 
oO 


= |! ~ PS i aa 
° 8 w os 


nN 
o 


: sv i 


° 


mae 
& 
as 
| 00 | 


MC1458S,MC1558S 


PEAK OUTPUT VOLTAGE FOR < 5% THD (VOLTS) 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — OFFSET ADJUST CIRCUIT | a FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE 


% MC1558S 
Inputs or 


Output 
% MC1458S: 


*Not available with G and 
P1 Suffix Packages. 


11g, AVERAGE INPUT BIAS CURRENT (nA) 


Offset Null 
Terminals 


T, TEMPERATURE (°C) 


FIGURE 3 — POWER BANDWIDTH — NONDISTORTED . : 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE 


+20 +120 
+15 +100 
+10 S +80 
1 z 
45.0 & +60 
uw 
oO 
<x 
0 : 5 +40 
i=] 
ie 5 
-5.0 3 +20[0 
-¢ 
-16 0 
“15 -20 
10 


1.0 10. 100 1.0k 10k ° 100k = 1.0M 10M 
f, FREQUENCY (Hz) , f, FREQUENCY (Hz) 


FIGURE 5 — OUTPUT NOISE versus 
SOURCE RESISTANCE ~ 


eon, QUTPUT NOISE VOLTAGE (mV{RMS]). 


~ Rg, SOURCE RESISTANCE (GHMS) 


®@: MOTOROLA Semiconductor Products Inc. 
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MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 6 — SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS ; FIGURE 7 — SMALL-SIGNAL TRANSIENT RESPONSE 


20 mV 


Input 


Overshoot 


{os 


Output 


input 7 
Vv 
Oo :  e4+—. 
90% 1, il 
50% = 
Output 50% Fall Time 
THLE 
~15V 
10% 10% 
tTLH Overshoot Vog 
Rise Time E 
i ; FIGURE 9 — LARGE-SIGNAL TRANSIENT WAVEFORMS 
+10 V 


FIGURE 8 — POWER CONSUMPTION versus POWER 


SUPPLY VOLTAGES Input goo, 


-10 V 
Siew Rate 
a V(+) to V(-) 
; 3 (Measurement Stew Rate 
= Period) V(-) to V(+) 
° (Measurement 
e =| ‘ Period) 
= 
cA : 90% ; 
z 
Ss Allowable 
Hai o Error 
= utput. Band 
2 ; 
2 10% 10% 
Settling a 
. ; Time re 
Vec and Veg, POWER SUPPLY VOLTAGE (VOLTS) mo 


FIGURE 10 — SLEW RATE AND SETTLING TIME TEST CIRCUIT* | 
10 k* 


* Match to within 0.01%. , 


- False 1N916° tnputs of Amplifier Not Under 
Summing or Equivalent Test Should Be Grounded. 
Node INS16 . : 


or Equivalent 


(Sy MOTOROLA Semiconductor Products Inc. 


3-61 - 


MC1458S, MC1558S 


SETTLING TIME 


In order to property utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. in bypassing, both 
low and high-frequency components should be con- 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too smail could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 


SETTLING TIME MEASUREMENT 


In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the ‘‘false’’ 
summing junction approach be taken as shown in 

_ Figure 11. This is necessary since it is difficult to de- 
termine when the waveform at the output of the op- 
erational amplifier settles to within 0.1% of it’s final 
value. Because the output and input voltages are ef- 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 


FIGURE 11 — WAVEFORM AT 
FALSE SUMMING NODE 


(inverting Mode) 


260 mV/DIV 


1.0 ns/DIV 


FIGURE 12 — EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 


(Inverting Mode) 


z= 0.1% 
$ }} ERROR 
BAND 
2 


Input 


Delivers 12.5 watt into 4.0 ohms with less than 1% THD to 100 kHz. 
Pins not shown are not connected. 


The solution to these problems is the creation of a 
second or ‘false’ summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at. this node. For extremely critical measure- 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con- 
sidered. The expression 


tsetig = NV x? ty? + 22 


can be used to determine the actual amplifier settling 
time, where 
tsetig = observed settling time 
x = amplifier settling time (to be determined) 
y = false summing junction settling time 
z = oscilloscope settling time 
It should be remembered that to settle within +0.1% 


. requires 7RC time constants. 


-'The +0.1% factor was chosen for the MC1558S 
settling time as it is compatible with the +1/2 LSB 
accuracy of the MC1508L-8 digital-to-analog converter. 
This D-to-A converter features +0.19% maximum error. 


TYPICAL APPLICATION 
FIGURE 13 — 12.5-WATT WIDEBAND POWER AMPLIFIER 


+15 V 


MCL1304 
or Equivatent & 
(Current 
Limiting 
Diode) 


MJE1100 
MPS-A12** or Equivatent 


or Equivalent 
0.33 


‘MJE 1090 
or Equivalent 


MCL1304 
or Equivalent 
(Current 
Limiting 
Diode) 


1.0 us/DIV 


**Epoxy to power transistor heat sink or case for maximum Thermal Feedback. = 


* Bias current adjustment to eliminate Crossover Distortion. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications: 


consequently, assumed for inaccuracies. Furthermore, such information does not 


complete. information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 


necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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‘ORDERING INFORMATION 


Device . Temperature Range - Package 

MC1709CF. 0°c to +70°C Ceramic Flat 
MC1709CG 0°C to +70°C Metal Can: MC1 709 
MC1709CL,CU 0°C to +70°C Ceramic DIP 
MC1709CP1,CP2 0°C to +70°C Plastic DIP MCI 709 A 
MC1709F,AF —55°C to +125°C | Ceramic Flat 

-.MC1709G,AG —55°C to +125°C Metal Can MC1 709C 
MC1709L,AL,U —55°C to +125°C Ceramic DIP 


OPERATIONAL AMPLIFIER 


. . . designed for use as-a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feed- 


back components. 


@ High-PerformanceOpen Loop Gain Characteristics 
Ayol’= 45,000 typical 


@ Low Temperature Drift — +3.0 uV/°C typical (MC1709) 
@ Large Output Voltage Swing — +14 V typical @ +15 V Supply 
® Low Output Impedance — Z9 = 150 ohms typical 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 
Power Supply Voltage 


Input Differential Voltage Range 


Input Common-Mode Range VICR 
Output Load Current IE 
Output Short-Circuit Duration 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above Ta = +25°C 
Flat Package 
Derate above Ta = +25°C 
Plastic Dual In-Line Packages (MC1709C only) 
Derate above Ta = +25°C 
Ceramic Dual tn-Line Package 
Derate above Ta = +25°C 
Operating Ambient : MC1709A,MC1709 . 
Temperature Range MC1709C 
Storage Temperature Range 
Metal and Ceramic Packages -65 to +150 
Plastic Packages : ; -55 to +125 


FIGURE 1.— EQUIVALENT CIRCUIT SCHEMATIC 


INPUT COMPENSATION 


NON-INVERTING 


INVERTING 


COMPENSATION 
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OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 


input Freq. Comp. 
Input Freq. 
Comp. 


Output 
Freq. Comp. 


G SUFFIX 
METAL PACKAGE 
CASE 601 


F SUFFIX 
CERAMIC PACKAGE 
CASE 606-04 
TO-91 


t 9 In Freg: Comp. 
Fé—8 Vcc 


C—36 Out Freq. 
Comp. 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1709C only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Input Freq. _. Input Freq. 
Comp. | 8] Comp. 


5 Output Freq. 
Comp.: 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 


P2 SUFFIX 


PLASTIC PACKAGE 


CASE 646 
(MC1709C only) 


~, MC1709, MC1709A, Mc1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V<Vcc <15 V, -9.0 V > Veg >-15 V, Ta = 25°C) 
McC1709 


Characteristic 
Input Offset Voltage Vio 
(Rg < 10k) ; 
Input Offset Current ; 
Input Bias Current. 
Input Resistance 


Be} =| 
_ ° 
m 
m 


Output Resistance 


Power Supply Currents 
(Voc: = 15 V, Veg = -15 V) 
Power Consumption 
(Vcc = 15 V, Veg = -15 V) 
Transient Response 
(Vcc = 15 V, Veg =-15 V) See Figure 8 
Risetime 
Overshoot 


MC1709A 
Characteristic Symbol T 


lec. 


oa 


co) 


tTLH 0.3 


~ ~ - 
on 
Ds | 


a 


MC 1709 


[tye [Max | [tye [Max | 

Input Offset Voltage Vio 3.0 

(Rg < 10 kQ) fe 
Average Temperature Coefficient of Input Offset Voltage | 4Vj9Q/4T 

(Rg = 50 2, Ty = 25°C to 125°C) 10 

(Rg = 50 2, Tp = -55°C to 25°C) 10 

(Rg = 50 2, Ta = -55°C to 126°C) - 

(Rg = 10 kQ, Ta = 25°C to 125°C) 15 

(Rg = 10 kQ, Ta = -55°C to 25°C) 25 


(Rg = 10 kQ, Ta = -55°C to 125°C) | 
Input Offset Current 
(Ta = -55°C) 

(Ta = 125°C) 
Average Temperature Coefficient of Input Offset Current 

(Ta = -55°C to 25°C) 

(Ta = 25°C to 125°C) 


Input Bias Current 
(Ta = -55°C) 
Input Resistance . 
iat) ee ae 
Input Common-Mode Voltage Range VicR 
Common Mode Rejection Ratio : CMRR 
ee vo Ene 


Supply Voltage Rejection Ratio 
(Voc = 15 V, Veg = -15 V, Rg S10 kQ) ; 


Large Signal Voitage Gain 
' (Veco = 15 V, Veg =-15 V, RE 22.0 k2, 
Vo = +15 V) 
Output Voltage Range 
(Voc. = 15 V, Veg = -15 V) ff 
ARE 210 kQ) 

(Ry 22.0 kQ) 
Power Supply Currents 
(Voc = 15 V, Veg = -15 V} 
(Ta = -55°C) ‘ 

(Ta = 125°C) 
Power Consumption 
(Vcc = 15, Veg =-15 V) 
(Tp = -55°C) 
(Ta = 125°C) 


MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vc = 15 V, Veg = -15 V, Ta = 25°C) 


. é MC 17038C 
Characteristic 


input Offset Voltage , 
(Rg < 10 k&, 9.0 V < 15 V,-9.0V > Veg > -15V) 
Input Offset Current 


Input Bias Current 
Input Resistance 
Output Resistance 


Vio 


Power Consumption Pc 


Large Signal Voltage Gain 


> 
= 
3 
< 


ARL > 2.0k2;, Vo =210V) . 


Output Voltage Range 
(Ry 210 kQ) 
(Ry 22.0 kQ) ; 


Input Cornmon-Mode VaTage Range Vion} #80_[ #0 [ = [Vv] 


Common Mode Rejection Ratio CMRR 
_ (Rg 10 kQ) 


Supply Voltage Rejection Ratio 
(Rg S10 kQ) 
Transient Response 
See Figure 8 
Rise Time 
Overshoot 


§ 


Sy 


Input Offset Voltage Vio 
(Rg < 10 k2, 9.0 V < Voc < 15 V, -9.0V > Veg > 15V) 


Input Offset Current 


tnput Bias Current 

Large Signal Voltage Gain . 
(Ry = 2.0k2,Vg = +10 V) 

Input Resistance 


> 


FIGURE 2 — TEST CIRCUIT 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C) 


Ra 


Test Conditions 
C, (pF) 


200 
20 
3.0 
3.0 


3-65 


MC1709, MC1709A, MC1709C 


FIGURE 4 — CLOSED LOOP VOLTAGE 
FIGURE 3 — LARGE SIGNAL SWING versus FREQUENCY : ; GAIN versus FREQUENCY 


28 120 


i PLETE AT 
a ae 100 
: eee ea ea 
EY ae 2 80 
: RRR 
A 16 © 60 a S 
<x q 
a 5 40 
> S$ 
5 8.0 > 20 
a <x 
Eu \ 
4.0 0 
? SUNN 
0 a a ee -20 
100 10k - 10k iat 1.0M =H 100 1,0 k 10k 100 k lit 10 M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 5 — OPEN LOOP VOLTAGE FIGURE 6 — VOLTAGE GAIN versus 
GAIN versus FREQUENCY : POWER SUPPLY VOLTAGE 
DS 8 
2 
es CEH N ell = 
= ~ NI] | o 
sSNA : 
< SS AES = 
CCSNS : 
> 
t 
3 | | : 
. 2 
2 il a 
o 
> 
<x 
f, FREQUENCY (Hz) : Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 
FIGURE 7 — SLEW RATE versus CLOSED LOOP GAIN j 
USING RECOMMENDED COMPENSATION NETWORKS FIGURE 8 — TRANSIENT RESPONSE TEST CIRCUIT 
100 = 
=: 
“ =H aul 
= 
gy 10 ==: 
3 == 
= 50 ae 
i Vo 
= 20 =n 
i iid 
“10 = CL < 100 pF 
as =e : 
yd i 
0.2 | 
0.1 me = = 


CLOSED LOOP GAIN (VOLTS) 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1712F —55°C to +125°C Ceramic Flat 
MC1712G —55°C to +125°C Metal Can 
MC1712L —55°C to +125°C Ceramic DIP - 
MC1712CF 0°c to +70°C Ceramic Flat 
°'MC1712CG ‘0°C to +70°C . Metal Can 
MC1712CL O°C to +70°C Ceramic DIP 
MC1712CP 0°C to +70°C Plastic DIP 


WIDEBAND DC AMPLIFIER 
WIDEBAND DC AMPLIFIER | 


‘ SILICON MONOLITHIC 
. . . designed for use as an operational amplifier utilizing operating INTEGRATED CIRCUIT 


characteristics as a function of the external feedback components. 


Open Loop Gain AYOL = 3600 typical 
Low Temperature Drift — +2.5 uV/°C 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Output Voltage Swing — 
+5.3 V typical @ +12 V and -6 V Supplies 


Low Output Impedance — Zo = 200 ohms typical 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


ee ee 


Power Supply Voltage Voc! + VEE! 
(Total between Vcc and V¢ E terminals) 


input Differential Voltage Range 


I 

input Common Mode Range © Vicr 
Peak Load Current ; IL 
A 


Power Dissipation (Package Limitation) . 
5.0 * 


Metal Package 
Derate above Tq = +25°C 
~55 to +125 eG. 
Temperature Range MC1712C Oto +75 
- | Storage Temperature Range -65 to +150 


F lat Ceramic. Package 
CIRCUIT SCHEMATIC 


F SUFFIX 
CERAMIC PACKAGE 
CASE 606 
TO-91 


N.C. 1 10 Voc 
Gnd 2 9 N.C. 
inv. input 3 8 Output 
Non-Iinv. tnput 4: 7 Lag Comp. 
Vee 5 6 Lead Comp. 


Derate above Ta = +25°C 
Dual In-Line Ceramic Pack age 
Derate above Ta = +25°C 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


Operating Ambient MC1712 


_ EL SUFFIX 
CERAMIC PACKAGE 
CASE 632 


LEAD Ff exteawaL 
FREQUENCY 
COMPENSATION 


NON-INVERTING 
INPUT 


MC1712, MC1712C ee ee 


MC1712 ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) i . 


Characteristic 


Input Offset Voltage 
(Rg < 2 kQ) 
Input Offset Current 


Input Bias Current 
Input Resistance 


Input Voltage Range 


Common Mode Rejection Ratio CMRR 
(Rg $< 2kQ,f<1 kHz) * 
Large Signal Voltage Gain 
URL > 100 kQ, Vout = 25.0 V) 


(Ri > 100 k&, Vout = #25 V) 


Supply Current 
(Vout a 0) 


Power Consumption 
(Vout = 0) 


Transient Response (Unity-Gain) 
(C1 =0.01 uF,R1=209, Re < 100 kQ, 
Vin = 10 mV, Cy < 100 pF) 
Rise Time 
Overshoot 


Transient Response (x100 Gain) 
(C3 = 50 pF, RL > 100°k2, Vin = 1 mV) 
Rise Time 
Overshoot 


Average Temperatura Coefficient 
of Input Offset Voltage 
(Rg = 50 2, Ta = 25°C to 125°C) 
(Rg = 50 2, Ta = 25°C to -55°C) 


Input Offset Current 
(Ta = +125°C) 
(Ta = -55°C) 
Average Temperature Coefficient 
of Input Offset Current 
(Ta = 25°C to +125°C) 
(Ta = 25°C to -55°C) 


Input Bias Current 
(Ta = -55°C) . 
Common Mode Rejection Ratio ‘ 
(Rg < 2k2,f< 1 kHz) 


Supply Voltage Rejection Ratio ; 
(Voc = 12 V, Veg = -6.0 V to Vee = 6.0 V, 
Veg = -3.0 V, Rg < 2k) 


Large Signal Voltage Gain * 
(Ru > 100 k&, Vout = 5.0 V) 
(RL > 100 kQ, Vout = £2.5 V) 


Output Voltage Swing 
(Ry = 100 kQ) 
(Ry 2 10 k2) 


Supply Current . 
_ (Ta = +125°C, Vout = 0) 
(Ta = -55°C, Vout = 0) 
Power Consumption 
* (Ta = +125°C, Vout = 0) 
(Ta = -55°C, Vout = 0) 


MOTOROLA Semiconductor Products Inc. 
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MC1712, MC1712C 


Large Signal Voltage Gain 
(Ry 2 100 k2, Voy = +5.0 V) 
(Ry > 100 k&, Vout = £2.5 V) 


Supply Current ~ 
(Vout = 0) : 

Power Consumption Po 
(Vout = 0) 


Transient Response (Unity-Gain) 
(C1 = 0.01 uF, Ry = 20 2, Ry < 100 ko, 
Vin = 10 mV, Cy < 100 pF). 
Rise Time 


Overshoot 
Transient Response (x 100 Gain) 
(C3 = 50 pF, Ry > 100 kQ, Vip = 1 mV) 
Rise Time 
Overshoot 


Input Offset Voltage 
(Rg < 2 kQ) ; 


Average Temperature Coefficient 
of Input Offset Voltage AVIQ/AT 
(Rg = 50 2, Ta = +70°C to 0°C) 


Input Offset Current | tio 
‘Average Temperature Coefficient 
of Input Offset Current : Alig/AT 
_ (Tp = 25°C to +70°C) 
(Ta = 25°C to 0°C) en i 


Input Bias Current ; . 
(Ta = 0°C) 


Input Resistance 


Common Mode Rejection Ratio CMRR 
(Rg < 2kQ, f < 1 kHz) : 
Supply Voltage Rejection Ratio 


(Voc = 12 V, Veg = 6.0 V to Voc = 6.0 V, 
Vee = -3.0 V, Rg < 2 ko) 


Large Signal Voltage Gain 
(Ry, 2 100 k&, Vous = 25.0 V) 
(Ry, > 100 kQ, Vous = #2.5 V) 


Output Voltage Swing 
(Ry > 100 kX) 
(Ry 2 10 kQ) | 


Supply Current 
(Vout = 0) 


Power Consumption 
(Vout =.0) ’ 


Vio 
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MC1712, MC1712C 


TYPICAL OUTPUT CHARACTERISTICS 
(Voc = 12 Vde, VEE = 6.0 Vde, Ta = +25°C) 


FIGURE 1 — OPEN LOOP GAIN versus 
POWER SUPPLY VARIATIONS 


Avol OPEN-LOOP VOLTAGE GAIN (V/V) 


Vcc, POWER SUPPLY VOLTAGE (VOLTS) 


Vyol, VOLTAGE GAIN (4B) 


FIGURE 2 — OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 


Gout 


10k 20k 50 k100 k IL 
f, FREQUENCY (Hz) 


10 B “100 M 


FIGURE 3 — VOLTAGE GAIN versus FREQUENCY 


(Ry = 10k, R2=10k, Rp = 150 QC; = 1500 pF 


Ay, VOLTAGE GAIN (dB) 


0.01 


100 200 


f, Fes ac 


FIGURE 4 — MAXIMUM OUTPUT SWING 
versus FREQUENCY 
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FIGURE 5 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE ' 
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MC1712, MC1712C 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 — INPUT BIAS CURRENT FIGURE 7 — INPUT OFFSET CURRENT 
versus TEMPERATURE versus TEMPERAT URE 
= =< 
4 = 
= +12 V, -6.0 V Supplies 5 
r-4 w 
tat c 
e c 
(--4 oa] 
> o 
3. ra +12 V, -6.0 V Supplies 
wn w 
<< a 
a i 
5 ra) 
FE 2 
FE = 
7 e 
-60 -~-40 -20 0 +20 «+40 0 «=6+60 «=6+80) «= +100 «+120 +140 -~60 -40 -20 0 +20 +40)«6 +600 +80) +100 «+120 «+140 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 8 — INPUT OFFSET VOLTAGE FIGURE 9 — OUTPUT NOISE VOLTAGE 
versus TEMPERATURE versus SOURCE IMPEDANCE 
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| Cy = 0.01 pF, BW = 1.0 kHz 1 


[Vio]. INPUT OFFSET VOLTAGE (mV) 
VNout, OUTPUT NOISE VOLTAGE (mV [rms] ) 


+12 V, -6.0 V Supplies anil 
room enommmen ne one a ; 
1.0 0 Pr Le 
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See last page of data sheet for ordering information. 


INTERNALLY COMPENSATED, HIGH PERFORMANCE: 
OPERATIONAL AMPLIFIERS 


. .. designed for use as a summing amplifier, integrator, or amplifier with 
operating characteristics as a function of the external feedback 
components. 


No Frequency Compensation Required 
Short-Circuit Protection 
Offset Voltage Null Capability 
Wide Common-Mode and Differential Voltage Ranges 
Low-Power Consumption 
‘ No Latch Up 
Low Noise Selections Offered — N Suffix 


MAXIMUM.RATINGS (Ta = +25°C unless otherwise noted)’ 


| 


Vec +18 +22 Vde 
VEE -18 ~22 Vdc 


Output Short Circuit Duration (Note 2) | ts | Continuous | 
Operating Ambient Temperature Range ~55 to+ 125 
J 


Power Supply Voltage 


Storage Temperature R ange 
Metal, Flat and Ceramic Packages 
Plastic Packages 


-65 to +150 
-55 to +125 


Junction Temperature Range 
Metal and Ceramic Packages 
Plastic Packages 


Note 1. For supply voltages less than + 15 V, the absolute maximum input voltage is equal 
to the supply voltage. : 
Note 2. Supply voltage equal to or less than 15 V. 


NON-INVERTING a 
° i? 


INVERTING 
INPUT 
O 


OFFSET 
NULL OQ 
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MC1741,MC1741¢_ 
MC1741N, MC1741NC 


OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


(Top View) 


P1 SUFFIX 
PLASTIC PACKAGE 
‘ CASE 626 ‘ 
| (MC1741C,MC1741NC) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Offset Null [J OR Te 
_ Inve Input aL LIVec 
Noninvt Input [} i] Output 
Vee l! {*] Offset Null 


(Top View) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1741C,MC1741NC) 


(Top View) — 


F SUFFIX 
CERAMIC PACKAGE 
CASE. 606-04 


L_—J® Offset Null 


(Top View) 


~MC1741, MC1741C, MC1741N, MC1741 NC 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Veg = 15 V, Ta = 25°C unless otherwise noted). 
Ea 
[es al 
aes 


wya v 


Common Mode Rejection Ratio CMRR 70 
(Rg <10k) * 
Supply Voltage Rejection Ratio 

| (Rg 10k) ° 

Output Voltage Swing Vo 
‘(Ry = 10 k) 412 +14 +412 414 
(Ry 22k) , +10 +13 +10 +13 

ae 


70] 
RE ee a 
[so [8s | 


75 
70 90 
7 


Transient Response (Unity Gain — Non-Inverting) 
(V} = 20mV, Ry 22k, CL < 100 pF) Rise Time 
(Vy.= 20 mV, RL 22k, CL < 100 pF) Overshoot 
(Vv) =10V, RL 22k, Cy, <100pF) Slew Rate 


Log Pee eee a 
Input Offset Voltage Vio 
“(Rg S10kQ) ~ 


Input Offset Current 
(Ta = 125°C) 
(Ta =-55°C) | 
(Ta = 0°C to +70°C) 
Input Bias Current 
(Ta = 125°C) a 
(Ta = -55°C) 
(Ta = 0°C to +70°C) 
Common Mode Input Voltage Range 7 


-|Common Mode Rejection Ratio 
(Rg S10 k) 


Supply Voltage Rejection Ratio . / - BVIN 
(Rg S10 k) . 


Output Voltage Swing Vo Vv 
(Ru 210k) £12 414 - - 
(Ry 22k) +10 +13 +10 +13 ; 


Large Signal Voitage Gain a VimV 

Supply Currents 
ime pay See 
(Ta = -66°C) 

Power Consumption (Ta = +125°C) 45 

*Thigh * 125°C for MC1741 and 70°C for MC1741C . 
Tiow -= -85°C for MC1741 and 0°C for MC1741C 


MOTOROLA Semiconductor Products Inc. 
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-MC1741, MC1741C, MC1741N, MC1741NC 


Burst Noise (Popcorn Noise) an 
(BW = 1.0 Hz to 1.0 kHz,t = 10s, Rg = 100 k) 
(Input Referenced) ; 


En, INPUT NOISE (peak) (uV) 


En, INPUT NOISE (rms) (uV) 


10 100 10k 10k 100k i “10 100 1.0k 10k 100k nom 
Ree SoU RCE RERIGTANCE 1dnM Rg, SOURCE RESISTANCE (OHMS) 
FIGURE 3 — OUTPUT NOISE versus SOURCE REST ANCE FIGURE 4 — SPECTRAL NOISE DENSITY 
2 , 
= Lt Av = 10, Rg = 100 ka 
: ae NCTE ERT tt 
= s== > 
: a : 
: ree NU 
5 pe 2 
a = & pel 
ye RT 
—) == = 
: | ar 
10° 100 1.0k 10k 100k 1.0M 10 100 10k 100 k 
Rg, SOURCE RESISTANCE (OHMS) f, FREQUENCY (Hz) 


FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 


Positive 0 
Threshold 
Voltage 


To Pass/Fail 
Indicator 
1k % 
Operational Amplifier Bday 
men ete 1.0 Hz to 1 kHz 
7 Negative 

: . Threshold 
For applications where low noise performance is essential, selected Voltage 
devices denoted by an N suffix are offered. These units have been ‘ : 
100% tested for burst noise pulses on a special noise test system. . The test time employed is 10 seconds and the 20 xV peak 
Unlike conventional peak reading or RMS meters, this system was ~ limit refers to the operational amplifier input thus eliminating 
especially designed to provide the quick response time essential to errors:in the closed-loop gain factor of the operational amplifier 
burst (popcorn) noise testing. ; under test. 


(AA) ‘MOTOROLA Semiconductor Products 'tnc. 
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MC1741, MC1741C, MC1741N, MC1741NC 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vdc, Veg = -15 Vdc, Ta = +25°C uniess otherwise noted). 


FIGURE 6 —POWER BANDWIDTH 


(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE 
WECHIESTTT)k 
Bh 
oar +100 
a 
>= _ 
wu 20 = 
< z 
4 
oS 16 o 
> 
5 < 
=~ be 
a 12 2 
=) TAGE FOLLOWER) = 
£ 80 THD <5% $ 
4 
4.0 
0 
10 100 1.0k 10k 100 k 
¢, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus LOAD RESISTANCE 
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(RL, LOAD RESISTANCE (OHMS) RL, LOAD RESISTANCE (OHMS) 
FIGURE.10 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER 


MC1741 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


0 104620 30 40 50 60 70 80 90 10. 
Ri, LOAD RESISTANCE (kX 
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-MC1741, MC1741C, MC1741N, MC1741NC_ 


FIGURE 12 — NON-INVERTING PULSE RESPONSE 


eee ee 
Beate eteee 
GO 
Brea eS eae 
eee See se 


5.0 V/DIV 


10 ys/DIV 


FIGURE 14 ~ OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT a 
ole oS | 
ee 
To Scope $ = 
(input) = 
<<. 
To Scope a -— 
(Output) < — 
=) aa 
< ar aes 
# oe a 
a ee ed 
on ee 
0 ore a 
0 20 40 60 80 10 12 14 «+16 «18 ~ 20 
Vcc, IVEEI, SUPPLY VOLTAGES (VOLTS) 
ORDERING INFORMATION 
Temperature 
Device Alternate Range Package 
MC1741CFNCF — — 0°c to +70°C Ceramic Flat 
MC1741CG ’ LM741CD, #A744HC 0°C to +70°C Metal Can 
MC1741CL LM741CD, »A741DC 0°C to +70°C Ceramic DIP 
MC1741CP1- LM741CN, 2A741TC 0°C to +70°C _ Plastic DIP 
MC1741CP2, _ 0°C to +70°C Plastic DIP 
NCP1, NCP2 
MC1741CU,NCU _ 0°C to +70°C Ceramic DIP 
MC1741F,NF — —55°C to +125°C Ceramic Flat. - 
MC1741G,NG _— —55°C to +125°C Metal Can 
MC1741L,NL _ -~55°C to +125°C Ceramic DIP 
MC1741U,NU _ —55°C to + 125°C Ceramic DIP. 
MC1741NCG — °c to +70°C Metal Can — 
MC1741NCL | ra orc to +70°C - Ceramic DIP .. 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequentiy, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefuily checked and 


is believed to be entirely retiabie. 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 


However, no responsibility is 


license under the patent rights of Motorola Inc. or others. . 


(AA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1741SG —55°C to +125°C Metai Can MC 174 1S 
MC1741SU —55°C to +125°C Ceramic DIP . : 
MC1741SCG 0°C to +70°C ~ Metal Can 
MC1741SCP1 0°C to +70°C Plastic DIP MC 17 41SC 
MC1741SCU 0°C to +70°C Ceramic DIP 


’ HIGH SLEW-RATE INTERNALLY-COMPENSATED 


OPERATIONAL AMPLIFIER 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC1741S/MC1741SC is functionally equivalent, pin com- 
patible, and possesses the same ease of use as the popular MC1741 
circuit, yet offers 20 times higher slew rate and power bandwidth. 
This device is ideally suited for D-to-A converters due to its fast 
settling time and high-slew rate. 


G SUFFIX 
oe METAL PACKAGE - 


High Slew Rate — 10 V/us Guaranteed iinienue (for unity gain only) CASE 601-02: 


No Frequency Compensation Required 

Short-Circuit Protection 

Offset Voltage Null Capability a 

Wide Common-Mode and Differential Voltage Ranges 
Low Power Consumption 

‘No Latch-Up 


(Top View) 


TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 


il 


Vec = 5.0 Veet = 2.0 Vde 
es AI = A2 =1.0k82 P1SUFFIX | U SUFFIX 
Ron SO ke PLASTIC PACKAGE CERAMIC PACKAGE 


CASE 626 


CASE 693 


MC1508L-8 
MC 1408L 
Senes 


(Top View) 


Theoretical Vo ; y 


Vee=—I5V 
EE Vo = Uist ing ) as ,A2 Ag Ad AS AG AT A8 
; re 8 16 32 64 128 "256 
Pins not shown are not connected. ; Adjust Vref. 1 of RQ so that Vo with all digital inputs at high level 


‘ isequal to 9.961 volts. 
Settling time to within 1/2 LSB (+19.5 mV) is approxi- . 
mately 4.0 us from the time that all bits are switched. ee ee ee 255 


*The value of C may be selected to minimize overshoot : (5 k) pee a's’ i6' 32 os ie wel =10V | = 9.961V 
and ringing (C ~ 150 pF). 


MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON 


—— 


Pulse Hiput: ; t utput : - : MC1741S 


> 
a 
= 
> 
2 
if 


Pee bette tebe tr ett e edd ee Be eae 


| 


1.0 us/DIV 10 ps/DIV 
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MC1741S, MC1741SC 


CIRCUIT SCHEMATIC 


eVcc 


INVERTING ; 
INPUT 
; Tats bids 
NONINVERTING — C ae 
=a 


OFFSET a 
NULL. 50k 


OFFSET NULL 6 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Symbol {| Mc1741sc_ [| MC1741 Unit. 


Power Supply Voltage 


Differential Input Signal Voltage 
Common-Mode Input Voltage Swing (See Note 1) 
Output Short-Circuit Duration (See Note 2) 
Power Dissipation (Package Limitation) 
Metal Package ; 
Derate above Ta = +25°C 


Plastic ‘Dual In-Line Package 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 85 to #125 


Storage Temperature Range 
Metal Package -65 to +150 
Plastic Package : -55 to +125 


Note 1. For supply voltages less than +15 Vdc, the absolute maximum input voltage is equal to the supply voitage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 


. 


FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE 


FIGURE 1 — OFFSET ADJUST CIRCUIT 


OUTPUT 


INPUTS 


OFFSET NULL 
TERMINALS 


1B, AVERAGE INPUT BIAS CURRENT (nA) 


-75 -50 -25 i) +25 +50 +75 +1000 +125 
T, TEMPERATURE (°C) 
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MC1741S, MC1741SC 


N 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


Power Bandwidth (See Figure 3) 
Ay = 1, Ry = 2.0k2, THD = 5%, Vo = 20 Vip-p) 
Large-Signa!l Transient Response 
Slew Rate (Figures 10 and 11) 
V(-) to Vi+) 
V{+) to Vi-} 
Settling Time (Figures 10 and 11) 
(to within 0.1%) 


Smati-Signal Transient Response 
(Gain = 1, Ej, = 20 mV, see Figures 7 and 8) 


Rise Time ‘TLH 
Fall Time tTHL 
Propagation Delay Time es tPHL 


verso 
BCT 771 A DES EO 


_Open-Loop Voltage Gain (RL = 2.0 k&2) (See Figure 4) 


$10 kQ) 


A 
Se ell ae 
Vo = 10 V, Ta = Tow" to Thigh* 25,000 16,000 
F Guicu: nesasnlie CIN ee pg ee eos 
ec 
ERs s BEE ane 
Ry = 10 k2, Ta = Tlow to Thigh (MC17415 only) +12 +14 ; 
RL = 2.0k2, Ta = +25°C +10 +13 + 
Ri = 2.0kQ, Ta = Tiow to Thi +10 - 
Input Common-Mode Voltage Range / ViICR £12 £13 £12 
TA = Tlow to Thigh (MC1741S) 
Common-Mode Rejection Ratio (f = 20 Hz) CMRR 
Input Bias Current (See Figure 2) 
Ta = +25°C and Thigh —— 200 500 : 200 500 
Ta = Tow 500 1500 Rls _800 
Input Offset Current eee ee ; 
Ta = +25°C and Thigh - 200 
Ta = Tow . 500 
tnput Offset Voitage (Rg = Miol 
Tp = +25°C 0. 5.0 
DC Power Consumption (See Figure 9) Pc 
(Power Supply = +15 V, NOs 0) ~ 
Ta = Tow to Thigh ; 
Positive Voltage Supply Sensitivity : Sad TE | 
_ (VEE constant) 2.0 
Ta = Thow to Thigh on MC1741S 
eee ee ed 
(Vec constant) ; 
*Tlow = 0 for MC1741SC - "Thigh = +70°C for MC1741SC 
= -55 °C for MC1741S = +125 °C for MC1741S 


(A) MOTOROLA Semiconductor Products inc. 
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-MC1741S, MC1741SC_ 


@n, INPUT NOISE VOLTAGE (nV/.JH2) 


PEAK OUTPUT VOLTAGE FOR < 5% THD (VOLTS) 


TYPICAL CHARACTERISTICS | 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 3 — POWER BANDWIDTH — NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY 


+20 


1.0k 
f, FREQUENCY (Hz) 


FIGURE 5 — NOISE versus FREQUENCY 


f, FREQUENCY (Hz) 


FIGURE 7 — SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 


INPUT 
50% 


OVERSHOOT 
Vos 


Vo 


, 
* FALL TIME 
{THe 


OVERSHOOT Vos 
RISE TIME © 


+120 


+ 
= 
i=} 
o 


Avol, VOLTAGE GAIN (48) 


@on, OUTPUT NOISE VOLTAGE (mV[RMS]) 


+40 


+20 


10 10 


FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE 


10k 
f, FREQUENCY (Hz) 


FIGURE 6 — OUTPUT NOISE versus 
SOURCE RESISTANCE 


te 


incest 


100 k 


Rs, SOURCE RESISTANCE (OHMS) 


FIGURE 8 — SMALL-SIGNAL TRANSIENT 
’ RESPONSE TEST CIRCUIT 
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MC1741S, MC1741SC 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = - 15 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 9 — POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 


80 


70 


60 


50 


40 


- SETTLING TIME 


Pc, POWER CONSUMPTION (mW) 


Vee and Veg}, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — LARGE-SIGNAL TRANSIENT WAVEFORMS 


+10V - 


INPUT gx, 


SLEW 
RATE 
V(+) to V{-) 
(MEASUREMENT 

PERIOD) 


-10V 


SLEW 
RATE 
V(-) to V(+) 
(MEASUREMENT 
PERIOD) 


ALLOWABLE - 


By ERROR 
OUTPUT H 


_ SETTLING 
TIME 


FIGURE 11 - SETTLING TIME AND SLEW RATE TEST CIRCUIT 


*Match to within 0.01 


“Pins nat shown are not connected. 
NODE 


. In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. !n bypassing, both 
low and high-frequency components should be con- 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. : 


SETTLING TIME MEASUREMENT 

In order to accurately measure the settling time of an 
Operational amplifier, it is suggested that the ‘‘false’’ 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de- 
termine when the waveform at the output of the op- 
erational amplifier settles to within 0.1% of it’s final 
value. Because the output and input voltages are ef- 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node’ can gréatly affect the accuracy of the 
actual measurement. | , 

The solution to these problems is the creation of a 
second or “‘false’’ summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. -For extremely critical measure- 
ments, the capacitance.of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con-_ 
sidered. The expression 


| tsetig =N x2 + y2 422 


can be used to determine the actual amplifier settling 
time, where 
tsetlg = observed settling time 
x = amplifier settling time (to be determined) 
y = false summing junction settling time 
z= oscilloscope settling time 
It should be remembered that to settle within +0.1% 
requires 7RC time constants. 
The +0.1% factor was chosen for the MC1741S 


-settling time as it is compatible with the +1/2 LSB 


accuracy of the MC1508L8 digital-to-analog converter. 
This D-to-A converter features £0.19% maximum error. 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC1741S, MC1741SC 


FIGURE 12 — WAVEFORM AT FALSE SUMMING NODE TYPICAL APPLICATION 
FIGURE 14 — 12.5-WATT WIDEBAND POWER AMPLIFIER 


+18 V 


LIMITING 
(DIODE) 


= 
a 
= 
> 

E 
[—) 
So 
a 


MJE1100 
OR EQUIV 


OR EoUIV 
0.33 


1.0 us/DIV 


FIGURE 13 — EXPANDED WAVEFORM AT 


FALSE SUMMING NODE INPUT 


OR EQUIV 


OR EQUIV 
{CURRENT 


> LIMITING . 
a 0.1% DIODE) 0 
8 }} ERROR 

E BAND 

2 


Delivers 12.5 Watts into 4.0 ohims with tessthan 1% THD to 100 kHz. 
Pins not shows are not connected. 

*Bias current adjustment to eliminate Crossover Distortion. 
**Epoxy to power transistor heat sink or case for maximum Thermal Feedback. = 


1.0 us/DIV 


MOTOROLA Semiconductor Products inc. 
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ORDERING INFORMATION | 
Device Temperature Range Package 


MC1747F —55°C to +125°C Ceramic Flat 

MC1747G —55°C to +125°C Metal Can 

MC1747L —55°C to + 125°C Ceramic DIP 

MC1747CF 0°C to +75°C ‘ Ceramic Flat MC1747 
MC1747CG 0°C to +75°C MetalCan 
MC1747CL 0°C to +75°C Ceramic DIP MC1/47C 


MC1747CP2 =—=°—s«O°C: to + 75°C - Plastic DIP 


DUAL MC1741 
INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


(DUAL MC1741) 


DUAL 
OPERATIONAL AMPLIFIER 


... designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. The MC1747L and MC1747CL are functionally, elec- 
trically, and pin-for-pin equivalent to the A747 and 4A747C respec- 
tively. : 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


No Frequency Compensation Required 


Short-Circuit Protection 


as 
SS ze 
F SUFFIX LLP 


CERAMIC PACKAGE 
CASE 607 


Wide Common-Mode and Differential Voltage Ranges 
Low-Power Consumption 
No Latch Up 

Offset Voitage Null Capability 


P—314 Offset Adj A 
rK—13. VCC A 
F—112 Output A 
311 N.C. 


inv, Input 103 
Non Inv Input 204 


Vv 
: Offset Ady $c 
: Non tnv Input 6 Co 
FIGURE 1 — HIGH-IMPEDANCE, HIGH-GAIN- 


INVERTING AMPLIFIER 
Vee 


G SUFFIX 
METAL PACKAGE 
CASE 603 


Eg =~ 100 Ein 


(1) © (9) Output B 


oA 


Non-Inv Input (4) 6) (6) Non-Inv tnput 


Inv. Input 


P2 SUFFIX L SUFFIX” | 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 646 CASE 632-02 

TO-116 


Inv Input i 


Non Inv 
Input 


Offset 


Adj A H2|Output A - 


Offset 
Adj. 8B 


Non Inv 


Circuit diagrams utilizing Motorola products are included as'a means of iilustrating typical 
semiconductor applications; consequently, complete information sufficient for construction 


; - Input 
purposes is not necessarily given. The Information has been carefully checked and is belleved . 
to be entirely reliable. However, no responsibility is assumed for Inaccuracies, Furthermore, inv. Input 
such information does not convey to the purchaser of the semiconductor devices described 


aad 
fs FBS 


any license under the patent right of Motorola Inc, or others, 
. * 


©MOTOROLA INC., 1976 oS 9254 
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C1747, MC1747C . i.” tee | 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltages - 


Differential Input Signal Voltage ® 
Common-Mode Input Swing Voltage (7) 


Output Short-Circuit Duration 
Voltage (Measurement between Offset Null and Veg) 
Operating Ambient Temperature Range : 
Storage Temperature Range 


Junction. Temperature 
Ceramic and Metal. Package 175 
Plastic Package , 150 


MC1747. 


tye] War] 


Input Bias. Current 

Tap = +25°C 

Ta = Thigh @ 

Ta=Tiow @ : 300 
Input Offset Current 

Ta = +25°C 

Ta = Thigh 

Ta = Tow 
Input Offset Voltage (Rg < 10 k2) 

Ta = +25°C 

Ta = Tlow t© Thigh ; 
Differential Input Impedance (Open- -loop, f = 20 Hz) 

Parallel input Resistance 

Parallet Input Capacitance 


Common-Mode Input Voltage Swing 
ee —— toe 
Common-Mode Rejection Ratio (Rg = 10k) 
Tiow S Ta S Thigh 


Open-Loop Voltage Gain Avol- 
Ta = +25°C 50,000} 200,000 25,000 | 200,000 
+ 
Ta= he To 10 V.Ry = 2.0kQ) 5,000 e mets me 
Transient Response (Unity Gain) 
(Vin = 20 mV, Ry = 2.0k2, Cy < 100 pF) z 
Rise Time tPLH . 0.3 
Overshoot ib A 5.0 


aL a dC 
cee Oe ee oe ee 
ee 
| es eee eee 


Output Voltage Swing (Thow < Ta < Thigh) 
RL = 10k2 
Rv = 2.0k2 


Power Supply Sensitivity (Toy to Thigh) 
Vee = Constant, Rg <10kQ 
Vcc = Constant, Rg 10 kQ * 


Power SUEPY Current {each amplifier) ; eee 
Tp = 425°C 
Ta = Tiow : 
Ta * Thigh ; 
OC Power Consumption (each amplifier) ~~ Pc 
Ta = +25°C ; 
Ta=Tiow - 
Ta = Thigh 


@ For supply voltages of less than + 15 V, the maximum differential input voltage is equal to + (Vcc + [Vee}). 
@ For supply voltages of fess than + 15 V, the maximum input voltage is equal to the supply voltage (+Vcc, -(Veel). 
~@. Tow: 0°C for MC1747CL © 
~55°C. for MC1747L 
Thigh? +75°C for MC1747CL 
+125°C for MC1747L 


Or MOTOROLA Semiconductor Products Inc. 
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-MC1747,MC1747C 


FIGURE 3 — TYPICAL FREQUENCY-SHIFT KEYER TONE 
GENERATOR TEST CIRCUIT 


FREQUENCY 


SHIFT 
. ® O..uF QUTPUT 
Vec : al 0.001 uF ai 
+18V + (VEE = a T Vee 1 
a4 1270 Hz -15V a -19V = . : <a +15 V ss 
- SET FIGURE 4 — TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR 
= 
2n3g04 Sk 2 
1N914 OR EQUIV = 
OR EQuiv 7 
43k 
Terminals not shown are not connected. 
0.5 ms/DIV. 
TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta =. +25°C unless otherwise noted.) 
FIGURE 5 — OPEN-LOOP VOLTAGE GAIN , 
versus POWER-SUPPLY VOLTAGE ; FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE 
+120 
§ +100 
z a 
3 S +80 
us 2 
[40] = 
= 3 +60 
S 2 
< 5 +40 
S $ 
7 2 +20 
S- < 
2 0 
.-@ 
-20 : 
10 10 100 1.0 k 10k 100k OM 10M 
a "Vee and Vee, POWER-SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (Hz). 
, FIGURE 7 - POWER BANDWIDTH : FIGURE 8 — POWER CONSUMPTION 


' (LARGE SIGNAL SWING versus FREQUENCY) : versus POWER SUPPLY VOLTAGE 


ZI 


(VOLTAGE FOLLOWER) 
-—7 £15 VOLT SUPPLIES 


AC 
LLIN LETT 


Vg, OUTPUT VOLTAGE (Vp-p) 
Pc, POWER CONSUMPTION (mW) 
nN 
—) 


UU NOE 


THD < 5% 7.0 rd 
| 59-4] 
as ime Fs 
4 30L_1 | 
10 » 100 1.0k 10k - 100k 24 2.0 6.0 10° 14 18 22 


f, FREQUENCY (Hz) Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 
(AA) MOTOROLA Semiconductor Products Inc. 
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MC1747, MC1747C 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 9 — OUTPUT VOLTAGE SWING ; 
versus LOAD RESISTANCE | FIGURE 10 — OUTPUT NOISE versus SOURCE RESISTANCE 


1.4 


ue 


V9, OUTPUT VOLTAGE (Vp-p) 
eon, OUTPUT NOISE (mV [rms] } 


500 1.0k 2.0k 
Ry, LOAD RESISTANCE (OHMS) Rs, SOURCE RESISTANCE (OHMS) 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 
can tolerate at a given operating ambient temperature, can —_ currents at the worst case operating condition. 


be found from the equation: eae ; ‘ 
Tmax) TA ~ Tj(max) = Maximum Operating Junction Temperature 
Poth teat Meee : as listed in the Maximum Ratings Section 
~ RayalTyp) Tap = Maximum Desired Operating Ambient 
Where: Pp(T,) = Power Dissipation allowable at a given Temperature 


operating ambient temperature. This must be greater than RaJalTyp) = re Resistance Junction to 
ien : 


PD(Ta) = 


| (AA) MOTOROLA Semiconductor Products Inc. | 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1748G —55°C to + 125°C Meta! Can 
MC1748U —55°C to +125°C Ceramic DIP 
MC1748CG O°C to +70°C Metal Can 
MC1748CP1 0°c to +70°C Plastic DIP 
MC1748CU “°C to +70°C Ceramic DIP 


HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


. designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

Noncompensated MC 1741 

Single 30 pF Capacitor Compensation Required For Unity Gain 

' Short-Circuit Protection 

Offset Voltage Null Capability 


Wide Common-Mode and Differential Voltage Ranges 


Low-Power Consumption 


No Latch Up 


FIGURE 1 — CIRCUIT SCHEMATIC 


NON-INVERTING 
INPI A 
oa 


INVERTING ao 
INPUT. 


8 9 COMPENSATION ao 


OFFSET 
NULL 


TYPICAL COMPENSATION CIRCUITS 


FIGURE 2 — OFFSET ADJUST AND 
FREQUENCY COMPENSATION 


FREQ 


COMPEN | 
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FIGURE 3 — SINGLE-POLE COMPENSATION 


MC1748 
MC1748¢ 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P1 SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 - CASE 693 

(MC1748C only) 


Balance Pt] o Compensation 


Vv 
Inputs on ca ce. 
3 | 1¢} Output 
Vee [4] | 8.| Balance 
G SUFFIX 


METAL PACKAGE 
CASE 601 


Compensation 


Inputs 
+ 


FIGURE 4 — FEEDFORWARD COMPENSATION 


fo = 3.0 MHz 


MC1748, MC1748C 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted) 


Power Supply Voltage Vcc +22 +18 Vde 
; VEE ~22 -18 


: 680 : 
4. 


Power Dissipation (Package Limitation) ‘ mw 
Derate above T 4 = +25°C 4 6 mw/°c 


Storage Temperature Range 


. Input Bias Current . 

Ta = +25°C 
Ta = Tow to Thigh @ 

Input Offset Current 
Tp = +25°C 
TA = Tow to Thigh 

Input Offset Voltage (Rg < 10 k 9) 
TA=+28°C 
TA = Tlow t© Thigh 

Differential Input Impedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 
Paratlet Input Capacitance 


° 
w 
zy ('S. 4h 
bO 4 ; 


Ny 
o 
o 


70 


Open-Loop Voltage Gain, (Vo = +10 V, Ry = 2.0k ohms) eS Viv. 
Ta = +25°C : 20,000 | 200,000 
Ta = Ttow to Thigh 15,000 = , 


Step Response (Vjn.= 20 MV, Co = 30 pF, RL-=2k82, CL. = 100 pF) 
Rise Time 
Overshoot Percentage 
Stew Rate 


+ 
~ t 
N 
I+ 
= 
aw 


Output Impedance (f = 20 Hz) 
Short-Circuit Output Current 
Output Voltage Swing (Rx = 10 k ohms) 
Ry = 2k ohms (Ta = Tigw to thigh) 
Power Supply Sensitivity : 
- Veg = constant, Rg < 10 k ohms 
Vcc = constant, Rg < 10 k ohms 


Power Supply Current : 


oc Quiescent Power Dissipation 
(Vg = 0) 


(0) For supply voltages less than +15 V, the Maximum input Voltage is equal to the Supply Voltage. 


@ Tigw: 90°C for MC1748C 
: -55°C for MC1748 
Thigh: +70° for MC1748C 
+125°C for MC1748 


@) MOTOROLA Semiconductor Products Inc. 
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MC1748, MC1748C 


“TYPICAL CHARACTERISTICS 
(Voc = +15.V, Veg = -15 V, Ta = +25°C unless otherwise noted.) . 


FIGURE 5 — MINIMUM INPUT VOLTAGE RANGE — FIGURE 6 — MINIMUM OUTPUT VOLTAGE SWING 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 


RANGES 


a 
tA 
ae 
it 
= 


8.0 


aaa ae 
4.0 


cel 
aa 
ae 
eee ie 
(1) 


Vec oa (-Vee), SUPPLY VOLTAGE (VOLTS) - Vec AND (-VEE), SUPPLY VOLTAGES (VOLTS) 


‘Vir, INPUT VOLTAGE RANGE (VOLTS) 


Vopr, OUTPUT VOLTAGE RANGE (VOLTS) 


FIGURE 7 — MINIMUM VOLTAGE GAIN : FIGURE 8 — TYPICAL SUPPLY CURRENTS 


Ay, VOLTAGE GAIN (aB) 
icc, !ee, SUPPLY CURRENTS (mA) 


Vec AND -Veg, SUPPLY VOLTAGES (VOLTS) 


FIGURE 9 — OPEN-LOOP FREQUENCY RESPONSE 


Av, VOLTAGE GAIN (dB) 


Vor, OUTPUT VOLTAGE RANGE (: VOLTS) 
od - 


Nl 
UTA TTT 
100 


7 1.0. 10 100 1.0k Wk 100k 10M 10M 
f, FREQUENCY (Hz) : ne f, FREQUENCY (Hz) 
‘ ie . 


@) MOTOROLA Semiconductor Products inc. 
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¢ . 


Vir. Vor. VOLTAGE RANGE (+VOLTS) 


' Vor, QUTPUT VOLTAGE RANGE (VOLTS) 


MC1748, MC1748C 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 V, Veg =-15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 — VOLTAGE FOLLOWER PULSE RESPONSE 


3 0 
t, TIME (us) 


FIGURE 13 — LARGE-SIGNAL FREQUENCY RESPONSE 


“f, FREQUENCY (Hz) 


FIGURE 12 — OPEN-LOOP FREQUENCY RESPONSE 


Ay, VOLTAGE GAIN (dB) 
+ 
3 


10 100 10k 10k 100k 10M 10M 
f, FREQUENCY (Hz) 


100 M 


FIGURE 14 — INVERTER PULSE RESPONSE © 


Vor, QUTPUT VOLTAGE RANGE (VOLTS) 


t, TIME (us) 


@) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature: Range Package 
MC1776G —55°C to +125°C ~—S Metal Can MC 17 16 
MC1776CG 0°C to +70°C ~~ ~—- Metal Can 
MC1776CP1 0°C to +70°C Plastic DIP 


MC1776C 


MICROPOWER 
PROGRAMMABLE OPERATIONAL AMPLIFIER 


_ PROGRAMMABLE 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


This extremely versatile operationa! amplifier features low-power 
consumption, high input impedance and low input noise levels. In 
addition, the quiescent currents within the device may be pro- 
grammed by the choice of an external resistor value or current source 
applied to the Icet input. This allows the amplifier’s characteristics 
to be optimized for input current, power consumption and input 
voltage, and current noise despite wide variations in operating power 


supply voltages. 


+1.2:V to +18 V Operation 
Wide Programming Range 


Offset Null Capability 

No Frequency Compensation Required 
Low Input Bias Currents 

Short-Circuit Protection 


G SUFFIX 
METAL PACKAGE 
CASE 601-03 


P1 SUFFIX 
; PLASTIC PACKAGE 
RESISTIVE PROGRAMMING (See Figure 1.) "i CASE 626 


Reet to GROUND Reet to NEGATIVE SUPPLY 
; (Recommended for supply voltage 


less than +6.0 V) 


PIN CONNECTIONS 
leap = VEC -8.6 VEE 
60 


vec 


Iset 


Reet 
Typical Reez Values : 
Vec, VEE] set= 1.5 MA | Ieee = 15 UA 


Veco, VEE Iset = 1-5 MA set 15 uA 


INVERTING 
INPUT 
OUTPUT 
NONINVERTING . 
INPUT 
OFFSET 
NULL 


ACTIVE PROGRAMMING 


FET CURRENT SOURCE BIPOLAR CURRENT SOURCE NANOWATT AMPLIFIER APPLICATION 


iM 
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MC1776, MC1776C 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Supply Voltages Vcc, VEE 


Common-Mode input Voltage 
Vec and |Veg| < 15 V 
Voc and |Veg] 2 15 V ; : 


Offset Null to Veg Voltage 
Programming Current 


Programming Voltage : Veet “(Vec- 2.0 V) 
(Voltage from Ise terminal to ground) to 


\ 


Output Short-Circult Duration® | 


Operating Temperature Range ; : : TA 
MC 1776 } -55 to +125 
: MC1776C 


Storage Temperature Range ; ‘  .65 to +150 % 
Power Dissipation (Package Limitation) 680 
Derate above Ta = +25°C 4.6 


*May be to ground or either Supply Voltage. Rating applies up to a case temperature of +125°C or ambient temperature 
of +75°C and Ise¢ < 30 uA. 


SCHEMATIC DIAGRAM 


100 QUTPUT 
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MC1776, MC1776C_ 


ELECTRICAL CHARACTERISTICS (Voc = +15 V, Veg = -15 V, Iset = 1.5 iA, Ta = +25°C unless otherwise noted.) 


Characteristic 


Input Offset Voltage (Rs < 10 kQ) 
Ta = +25°C 

Tiow* <TA <Thigh* 
Input Offset Current 


i 
< 
a) 


Pecltesed 
no 


on bo 
oo 


Ta = +25°C 

Ta = Thigh 

Ta = Tow 1? 
Input Bias Current 

Ta = +25°C oe 

Ta = Thigh 78 


TA = Tow 


Large Signal Voltage Gain 
Rye S75 kQ, Vo = £10 V, Ta = +25°C 
Ry 275 kQ, Vo = £10 V, Trow STA <Thigh 


Output Resistance 
Output Short-Circuit Current 


Supply Current 
“Tp = +25°C 
. Tow STA SThigh 
Power Dissipation 

Tp = +25°C 
Trow STA SThigh 
Transient Response (Unity Gain) 

Vin = 20 mV, Ry 25.0 kQ, Cy = 100 pF 
Rise Time 
Overshoot 


Stew Rate (Ri, 25.0 kQ) 


Output Voitage Swing 
Ry 275 kQ, Ta = +25°C 
Ry 275 k&, Tow STA SThigh 


rs 


wa {RE PRE 
x) on 


input Voltage Range. Vip 
Tiow STA SThigh +10 


Common-Mode Rejection Ratio CMRR 
Supply Voltage Rejection Ratio 


*Tlow = -55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 


[=] 


of On. N 
© ou ° 


3-93 


MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg =-15 V, Iset = 15 HA, Ta = +25°C unless otherwise noted.) j 


ee eee el ae ner era ee 
Input Offset Voltage (Rg <10 kQ) Viol p= fate f 
Ta = +25°C - 6.0 
Tow” STA <Thigh* 15 
Input Offset Current nA 
Ta = Thigh 
Ta = Tlow 
Input Bias Current 
Tp = +25°C 50 
Ta = Thigh 50 
TA = Tiow 100 
[input Resistance ——SSSCSCSC~C—“~‘“*~*é‘iSSCR | 8 OP 8 
Pinput Capacitance _——SSSS~S~S Sin Yd fT dT 2 fd 
[offset Voltage Adjustment Rane ———~S~Si«dt Sion 8 | - | — | | - [wv _] 
Large Signa! Voltage Gain Avot VIV 
Ry 25.0 kQ, Vo = 410 V, Ta = +25°C 100k | 400k 50k | 400k 
Ru. 275 kQ, Vo = +10 V Tloew STA <Thigh - | 75k i: 50k = ; 
POutputhesstance SCSCS*=“‘“‘srRSCSMN CS SP OP - | - [op [me] 
FOurputShortciecuieGurvent Sid? tse <= PP | dt | ma 
Supply Current loc, lee uA 
Ta = +25°C 180 190 
Tlow STA <Thigh 200 . 200 
Power Dissipation : mw | 
Ta = +25°C 5.7 
Tiow STA SThigh 6.0 
Transient Response (Unity Gain). ; . < 
Rise Time ; tTLH 0.35 - 0.35 us 
Overshoot os - 10 - 10 % 
Siw Rate (Ry S50 KA) ee 
Ry 25.0 kQ, Ta =+25°C | +10 HZ +10 
Ri 275 kQ, Taw STA Thigh : +10 - 7 
Input Voltage Range Vip: Vv 
Common-Mode Rejection Ratio : cMRR- | 
Supply Voltage Rejection Ratio PSRR V/V 
*Trow = -55°C for MC1776 Thigh = +125°C for MC1776 J 
0°C for MC1776C +70°C for MC1776C 
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MC1776, MC1776C 


Ne 


ELECTRICAL CHARACTERISTICS (Vcc = +3.0 Vde, Veg = -3.0 Vde, Iset = 1.5 BA, Ta = +25°C unless otherwise noted.) 


, Characteristic 


Input Offset Voltage (Rg < 10 k®) 
Ta = +25°C 
Tiow” STA <Thigh* 
Input Offset Current 
Ta = +25°C 
Ta = Thigh 
~ Ta = Tlow 
Input Bias Current 
Ty = +25°C 
Ta = Thigh 
Ta = Tlow 
Cin 


Offset Voltage Adjustment Range 


Large Signal Voltage Gain ° , 
RL 275 kQ, Vo = £1.0 V, Ta = +25° 
Ry 275 kQ, Vo = +1.0V, TigySTa <Thigh 


Output Resistance $ 
Output Short-Circuit Current: lOsc 1 


Supply Current . 

Ta = +25°C ' 

Tiow STA <Thigh 
Power Dissipation 
Tp =+25°C 
Tiow STA Thigh 
Transient Response (Unity Gain) 

Vin = 20 mV, RL 25.0 kQ, Cy = 100 pF 

Rise Time ; 
Overshoot 
Slew Rate (Ry. 25.0 kQ) 


Output Voltage Swing . 
RL 275 k&, Tow <TA <Thigh +2.0 42.4 


3 


= 
2 


a] 
n 


3 


\ o 4 


2 


mA 


= fale) 
wo 
N 
o 
> 


| 
N 
oa 
.s 
= 


sl 
co 


2a OAD [ND 
C00 [no 

5 E <2 2 
<|< > < 


ES 


oO 
: W 
ales | 


V/us 


° > 
ree 
No 
ao 
Kr xX 
= 
i) 
xr 
NN 
ao 
Kr KF 
3 
xr 


< 
(o) 


Input Voltage Range 
Tiow STA SThigh +1.0 


| Common-Mode Rejection Ratio CMRR 
{Rs $10 k2, Tow STA <Thigh pose Wegalenee| 
Supply Voltage Rejection Ratio R PSRR 

Rg S10 kQ, Tiow STA SThigh 


*Tow = -55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C ae +70°C for MC1776C 


= 
rs) 


uVv/V 


I+ 
dD 
BS 


° 


VOLTAGE OFFSET TRANSIENT-RESPONSE 
- NULL CIRCUIT ; TEST CIRCUIT 


Pins not shown are not connected. 


- 3-95 


MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Voc = +3.0 V, Veg =-3.0 V, Icet = 15 HA, Ta = +25°C unless otherwise noted.) ey 


: . Characteristic : Symbot 
Input Offset Voltage (Rg <10k2) 
Ta = +25°C 
‘Trow* STA &Thigh* 


trput Offset Current ne 


3 


Ta = +25°C 
Ta = Thigh 
TA=Tlow 
input Bias Current 
Ta = +25°C 
Ta = Thigh 


: 
pox fee 


saa palsdd 
= 


= 
a 


Ta = Tiow 
Input Capacitance Cin pF 
mv 


Large Signal Voitage Gain 
Ry 25.0 k2, Vo = +1.0 V, Ta = +25°C 
Ry 25.0 kQ, Vo = 1.0 V, Tow STA <Thigh 


Output Resistance 
Output Short-Circuit Current ¥ | tse | 


Supply Current Icc. EE 
Ta=425°C 
Tow STA <Thi 
Power Dissipation 
Ta = +25°C 
Tiow STA <Thigh 
Transient Response (Unity Gain) 
Vin = 20 mV, Ry 25.0 kQ, Cy = 100 pF 
Rise Time 
Overshoot 
Output Voltage Swing 
RL 25.0 k2, Tow STA <Thigh 
Input Voltage Range 
Tiow STA SThigh ; 
Common-Mode Rejection Ratio CMRR 
Rg S10 k82, Tow STA <Thigh 
Supply: Voltage Rejection Ratio 
Rg <10 k&, Tlow STA <Thigh 


VIV 


ee k 


x 
a] 


= 
> 


170 
180 


160 
180 


gh 


hd 
~- 
S 


nN 
r 8. 14 
x 


780 780 1020 


tTLH 


5x 


< 


pee 
fe) ”n 


+ 


t+ t 
=< by 
c=) 


1.9 +2. 


= 
5 


~ 
o 
~ 


i+ i+ 
= 
° . 


N 
° 
ro) 
: < 


Oo 
uv/V 


*Tlow = -55°C for MC1776 Thigh = +125°C for MC1776 : 
0°C for MC1776C +70°C for MC1776C 
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MC1776, MC1776C 


TYPICAL CHARACTERISTICS 


(Ta 


+25°C unless otherwise noted.) 


FIGURE 2 — POSITIVE STANDBY SUPPLY 


FIGURE 1 — SET CURRENT versus SET RESISTOR 


CURRENT versus SET CURRENT 


4 


+ 
W 
[=] 
Oo 

> 
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> 
” 
+ 


MN NL 


B- 


-3V>VEE 


I At 


th LAT TT 


TT 


ALL 


(SWHO) HOLSIS3H 13S atty 


SET CURRENT (uA) 


Iset, 


tget, SET CURRENT (uA) 
— INPUT BIAS CURRENT versus SET CURRENT 


FIGURE 4 


OPEN-LOOP GAIN versus SET CURRENT 


FIGURE 3 


Ty 
HH 


HOI SIN 


AREA A 


6 sa A ee ee 
Wan wanes 


~ SHEEN 


pH 
7 CU 


{A/A) Niva.do07-Nad0 ‘JOAy 


SET CURRENT (pA) 


Iset, 


Iget, SEV CURRENT (nA) 


FIGURE 5 — INPUT BIAS CURRENT 


FIGURE 6 — GAIN-BANDWIDTH PRODUCT (GBW) 


versus AMBIENT TEMPERATURE 


versus SET CURRENT 
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5 
15V 
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Vg, OUTPUT VOLTAGE SWING (V) 


n 
=. 
= 
Ox) 
= 
ua 
QoQ 
4 
= 
+ ad 
o 
> 
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Lo <4 
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Q 
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Vo(p-p), PEAK-TO-PEAK OUTPUT 


MC1776, MC1776C 


TYPICAL CHARACTERISTICS (continued) 


(Ta = +25°C unless otherwise noted.) 


FIGURE 7 — OUTPUT VOLTAGE SWING 
; versus LOAD RESISTANCE 


ee 


vec -15V 
Iset = 15 uA ail 


me 
ee 


a 


VOLTAGE SWING {V) 


R,, LOAD RESISTANCE (OHMS) 


\ FIGURE 9 — OUTPUT SWING 
versus SUPPLY VOLTAGE 


Voc. VEEL, SUPPLY VOLTAGES (V) 


- FIGURE ” ~ INPUT NOISE VOLTAGE 
versus SET CUBRENT 


10-13 


19°14 


10-15 


iT -3 V > Veg >-18 V. 
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\set, SET CURRENT (uA) 
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OPTIMUM SOURCE RESISTANCE (M2) 


FIGURE 8 — SUPPLY CURRENT 
versus AMBIENT TEMPE RATURE 


+20 +40 +60 +80 
T, AMBIENT TEMPERATURE (°C) 


+100 +120 +140 


FIGURE 10 — SLEW RATE. 
versus SET CURRENT \ 


SR, SLEW RATE (V/s) 


tset, SET CURRENT (uA) 


FIGURE 12 - OPTIMUM SOURCE RESISTANCE 
FOR MINIMUM NOISE versus SET CURRENT 


100 pe = 


Igeq, SET CURRENT (nA) 
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APPLICATIONS INFORMATION 


. ae . FIGURE 15 — MULTIPLE FEEDBACK BANDPASS FILTER | 
FIGURE 13 — WEIN BRIDGE OSCILLATOR = fe. (1.0kHz) > 


22k 


~ANPUT 


OUTPUT. 


fora 1.0 kHz filter ~~ Ry = 160k 


VEE 
with-Q= 10 RQ = 820. -15V 
and A (fg) = 1... R§= 300k oo 
C= O01uF 
ok he Sas kt ee FIGURE 16 = GATED AMPLIFIER 


“oa RC 


{for fo = 1.0 kHz) 


R= 16 kQ 
C = 0.01 uF 


a ) OUTPUT. 
ANPUT @—— i ee 
FIGURE 14 — MULTIPLE FEEDBACK BANDPASS FILTER) ie 


~ GATE @- 


for a given: . VEE 
fg = center frequency 
A (fo) = Gain at center frequency 
Q = quality factar 

Choose a value for C, then 


402 R1-R5 ; 
To obtain less than 10% error from the operational amplifier: 
9 fo <0 
GBW 


where fg and GBW are expressed in Hz. GBW is available from - - 
Figure 6 asa function of Set Current, I set. , 


ORDERING INFORMATION 


Device . Temperature Range Package 
MC3301L " .—40°C to +85°C Ceramic DIP 
MC3301P -40°C to +85°C Plastic DIP 


‘QUAD SINGLE-SUPPLY 
OPERATIONAL AMPLIFIER 
FOR AUTOMOTIVE APPLICATIONS 


These internally compensated operational amplifiers are designed 
specifically for single positive power supply applications found in 
automotive and consumer electronics, Each MC3301 contains four 
independent amplifiers — making it ideal for automotive safety, pol- 
lution, and comfort controls. Some typical applications are tacho- 
meter, voltage regulator, logic circuits, power control and other 
similar usages. 


Wide Operating Temperature Range — -40 to +85°C 
Single-Supply Operation — +4.0 to +28 Vdc 
Internally Compensated 

Wide Unity Gain Bandwidth — 4.0 MHz typical 

Low Input Bias Current — 50 nA typical 

High Open-Loop Gain — 2000 V/V typical 


FIGURE 3— INVERTING AMPLIFIER 


Ay = 10 BW = 150 kHz 
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QUAD 


OPERATIONAL AMPLIFIER © 


_ SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632. CASE 646 


FIGURE 1 — EQUIVALENT CIRCUIT 


GROUND ~ PIN7 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Power Supply Voltage 
Noninverting Input Current 
Sink Current 

Source Current 


Power Dissipation (Package Limitation) 
Derate above Tq = +25°C 


Operating Temperature Range 


Storage Temperature Range 


Open-Loop Voltage Gain 
Ta = +25°C 
~40°C <Ta S+85°C 


Quiescent Power Supply Current (Total for four amplifiers) 
Noninverting inputs open 
Noninverting inputs grounded 


Input Bias Current, RL: =o 
Ta = +25°C 


~40°C < Ta S+85°C. 


Current Mirror. Gain Drift 
~40°C <T yp S+85°C 


Output Current . 
Source Capability (VoH = 0.4 Vdc) 
(VOH = 9.0 Vdc) 


Sink Capability (Voy = 0.4 Vdc). 


Output Voitage 
High Voltage 
Low Voltage (Inverting Input Buen 
(Noninverting Input Driven) 


Input Resistance (Inverting input only) 


Power Supply Rejection (f = 100 Hz) 
Channel Separation (f = 1.0 kHz) 


NOTES: 


1. The quiescent current drain wil! increase approximately 0.3 
mA for each inverting or noninverting input that is grounded. 
2. Input bias current can be defined only for the inverting input. 
» The noninverting input is not a true ‘differential input’’ — as 
with a conventional IC operational amplifier. As such this 
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'source 


Isink 


‘input does not have a requirement for input bias current. 
. Current mirror gain is defined as the current demanded at the 


inverting input. divided by the current into the noninverting - 
input. 


. Bandwidth and phase margin are defied with respect to the 


voltage gain from the inverting input to the output. 


_-MC3301_ 


? 
FIGURE 5 — OPEN-LOOP VOLTAGE GAIN 
- Vee 
#5 Vde 
SS 60 Ve 
D210 kHz. 


|. FIGURE 7 — INPUT BIAS CURRENT AND 
- 3)” CURRENT MIRROR GAIN 
oe 


900 wa Ve 


Po Pon ype Star $22 A 
SE ess A STF B. S2=B 
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TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Ry = 5.0 k&, Ta = +25°C 
[each amplifier] unless otherwise noted.) 


FIGURE 6 — QUIESCENT POWER SUPPLY CURRENT 


All four amplifiers operate in the same 
configuration simultaneously. 

Ipo; S1=A S2=OPEN 

Ing; $1=A S2=CLOSED f 
Vou(-); S1=€ S2=CLOSED 
Voi(-); Si=B S2=CLOSED 
VoLt+); St=A  S2=CLOSED 


FIGURE 8 — OUTPUT CURRENT 


a Veco Vo = 0.4 Vde 
OHA 2 +15 Vde or 9.0 Vde 


~ Isink $1 
Isource: St 


+15 Vde 
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TYPICAL CHARACTERISTICS _ 
(Voc =+15 Vdc, Ry =5.0k2, Ta = +25°C 
[each amplifier] unless otherwise noted.) 


FIGURE 9 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 
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FIGURE 11 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 13 — LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 
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FIGURE 10 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE |. 
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FIGURE 12 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 14 — LINEAR SINK CURRENT versus 
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MC3301 


OPERATION AND APPLICATIONS 


Basic Amplifier 


The basic amplifier is the common emitter stage shown in Figures 


15 and 16. The active !oad |4 is buffered from the input transistor 


by aPNP transistor, 04, and from the output by an NPN transistor, 
Q2. Q2 is biased class A-by the current source I. The magnitude 
of 19 (specified Ising) is a limiting factor in capacitively coupled 


linear operation at the output. The sink current of the device can 
be forced to exceed the specified level by keeping the output dc 

voltage above © 1.0 volt resulting in an increase in the distortion 
appearing at the output. Closed loop stability is maintained by an 
on-the-chip 3-pF capacitor shown in Figure 18 on the following 
page. No external compensation is required. 


FIGURE 15 
BLOCK DIAGRAM 


OPERATIONAL 
AMPLIFIER #1 


Greer a 


GND Multiple emitter (8) transistar one emitter connected to each input. 


A noninverting input is obtained by adding a current mirror as 
shown in Figure 17. Essentially all current which enters the non- 
inverting input, lr, flows through the diode CR1. The voltage 
drop across CR1 corresponds to this input current magnitude and 
this same voltage is applied to a matched device, Q3. Thus Q3 is 
biased to conduct an emitter current equal to f,. Since the alpha 


FIGURE 16 - A BASIC GAIN STAGE 


Biasing Circuitry ; 


The circuitry common to alt four amplifiers is shown in Figure 19, | 
see next page. The purpose of this circuitry is to- provide biasing 
voltage for the PNP and NPN current sources used in the amplifiers. 


The voitage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor R1 is the sum of the drops 
across CR4 and CR3 minus the Vge of O8.. The PNP current 
sources (Q5, etc.) are set to the magnitude Vge/R1 by transistor 
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OPERATIONAL 
AMPLIFIER #3 


current gain of Q3 ~ 1, its collector current is approximately equal 
to Ip also. in operation this current flows through an external 
feedback resistor which generates the output voltage signal. For 
inverting applications, the noninverting input is often used to set 
the dc quiescent level at the output. Techniques for doing this are 
discussed in the ''Normal Design Procedure’’ section. 


FIGURE 17 — OBTAINING A NONINVERTING tNPUT 
O Vect 


C) 
INPUTS 


- = 


Q6. Transistor Q7 reduces base current loading. The voltage 
across resistor R2 is the sum of the voltage drops across CR2, CR3 


_ and CR4, minus the Ve drops of transistor Q9 and diode CRS. 


The current thus set is established by CR5 in all the NPN current 
' sources (Q10, etc.). This technique results in current source magni- 
tudes which are relatively independent of the supply voltage. Q11 
(Figure 15) provides circuit protection from signals that are negative 
with respect.to ground. 


MC3301 


OPERATION AND APPLICATIONS (continued) 


FIGURE 18 — A BASIC OPERATIONAL AMPLIFIER 
0 Vect 


FIGURE 19 — BIASING CIRCUITRY 


10k 


CR2 


NORMAL DESIGN PROCEDURE 


1. Output Q-Point Biasing 


A. Anumber of techniques may be devised to bias the quiescent 
output voltage to an acceptable level. However, in terms of 
loop gain considerations it is usually desirable to use the 
Noninverting input to effect the biasing as shown in Figures 
3 and 4 (see the first page of this specification). The high 
impedance of the collector of the noninverting “current 
mirror’ transistor helps to achieve the maximum loop gain 
for any particular configuration. It is desirable that the non- 
inverting input current be in the 10 uA to 200 BA range. 


B. Vcc Reference Voltage (see Figures 3 and 4) 


The noninverting input is normally returned to the Vcc 
voltage (which should be well filtered) through a resistor, 
R,, allowing the input current, 1,, to be within the range of 
10 LA to 200 nA. Choosing the feedback resistor, R¢, to be 
¥ equal to % R, will now bias the amplifier output dc level to 
“ee . This allows the maximum dynamic 


approximately 


range of the output voltage. 


FIGURE 20 — INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 


Re 


Vr *Select for low 
frequency response. 


O1KF sik 
Vin € 


C. Reference Voltage other than Vcc (see Figure 20) 


The biasing resistor Ry may be returned to a voitage (V;} 

_other than Vcc. By setting R¢ = Ry, (still keeping 1, be- 
tween 10 uA and 200 uA) the output dc level will be equal 
to V,. The expression for determining VOgq¢ is: 


_ (ADV ¢) RE. 
« Rr + (: Rr A\ ) ’ 


where is the Vee drop of the input transistors (approxi- 
mately 0.6 Vdc @ +25°C and assumed equal). Aj is the 
current mirror gain. ; : 


Vode 


2. Gain Determination 
A. Inverting Amplifier ; 
The amplifier is normally used in the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normally capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output is capacitively coupled to the load, the value of 


FIGURE 21 — INVERTING AMPLIFIER WITH 
Ay = 100 AND V, = Voc 


510k 


0.1 wF 


re aac 
Ay = 100 fL = 300 Hz, fy = 50 kHz 
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NORMAL DESIGN PROCEDURE (continued). 


“ Isink becomes a limitation with respect to the load driving 


Noninverting Amplifier 


B. 
‘capabilities of the device. The limitation is less severe if the The MC3301 may be used in the noninverting mode (see 
device is direct coupled. In this configuration, the ac gain Figure 4, first page). The amplifier gain in this configuration 
is determined by the ratio of R¢ to R;, in the same manner is subject to the current mirror gain. In addition, the resis- 
as for a conventional operational amplifier: tance of the input diode must be included in the value of 
, R¢ the input resistor. This resistance is approximately i ohms, 
i: Rj where I, is input current in milliamperes. The noninverting 
ac gain expression is given by: 
The iower corner frequency is determined by the coupling 
Capacitors to the input and load resistors. The upper corner (R¢)(Ay) 
frequency will usually be determined by the amplifier in-. Ay = "36 
ternal compensation. The amplifier unity gain bandwidth Rit i- (mA) 
is typically 4.0 MHz and with the gain roll-off at 20 dB per J 
decade, bandwidth will typically be 400 kHz with 20 dB of : 
closed loop gain or 40 kHz with 40 dB of closed loop gain. The bandwidth of the noninverting configuration for a given 
_ The exception to this occurs at low gains where the input - R¢ value is essentially independent of the gain chosen. For 
resistor selected is large. The pole formed by the amplifier “Re = 510 kQ ‘the bandwidth will be in excess of 200 kHz 
input capacitance, stray capacitance and the input resistor for noninverting gains of 1, 10, or 100. This is a result of 
may occur before the closed loop gain intercepts the open the loop gain remaining constant for these gains since the- 
loop response curve. The inverting input capacity is typi- input resistor is effectively isolated from the feedback !oop. 
cally 3.0 pF. : 
TYPICAL APPLICATIONS 


FIGURE 22 — TACHOMETER CIRCUIT 


\ 


Voc =+12V 


MAGNETIC PICKUP 
HYSTERISIS AMPLIFIER 


100 k 


MONOSTABLE MULTIVIBRATOR 


PULSE AVERAGING 
C1 


0.1 uF - 


MS06100 
_ or equiv 


. MAGNETIC 
PICKUP 


POWER 
SUPPLY 


(nonreguiated) 


© OUTPUT 


MS06100 
or equiv 


7 Vp-p = (Vg:0.6) > Ay -t 


Hysterisis Voltage for Switching Timing Interval: t~0.7 R1C1 
AiR2 RyC1 
VH= te (Vcc - 1.6) 


FIGURE 23 — VOLTAGE REGULATOR FIGURE 24 — LOGIC “OR” GATE 


+Vcoc = +15 Vde 


For positive Tc zeners R2 and Ri can be 
selected to give 0 Tc output. 
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TYPICAL APPLICATIONS (continued) 


FIGURE 25 — LOGIC “NAND” GATE (Large Fan-In) 


+Vec = +15 Vde 


75k 


‘ FIGURE 27 — R-S FLIP-FLOP 


RESET SET 


FIGURE 29 — POSITIVE-EDGE DIFFERENTIATOR 


Output Rise Time ~ 0.22 ms : 
Input Change Time Constant ~ 1.0 m 


0.001 uF 


Vin 
0.002 pF 


—~ 


Circuit diagrams utilizing Motorola products are included as a means 
consequently, 


. Of Hlustrating typical semiconductor applications; 


complete information sufficient for construction purposes is not 


necessarily given. 


The information has been carefully checked and 


FIGURE 26 — LOGIC “NOR” GATE 


160 k f=A+B+C4D 


+Voc = +15 Vie 


FIGURE 28 — ASTABLE MULTIVIBRATOR 


Vec= +5 V 
0.1 pF 


100 k 


+15V 


FIGURE 30 — NEGATIVE-EDGE DIFFERENTIATOR © 


0.001 uF 


VO(de) ¥7.0Vde | 
Output Rise Time ~ 0.22 ms 
Vcc =+15 Vde* Input Change Time Constant ~ 1.0 ms 


is believed to be entirely reliable. However, no responsibility: is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola!nc. or others. 


ORDERING INFORMATION 


Device Temperature Range Package _.. 
MC3401L 0°C to +70°C Ceramic DIP 


MC3401P 0°C to +70°C Plastic DIP 


Specifications and Applications 
Information 


QUAD SINGLE-SUPPLY OPERATIONAL AMPLIFIER 


These internally compensated operational amplifiers are de- 
signed specifically for single positive power supply applications 
found in industrial control systems and automotive electronics. 
Each MC3401_ device contains four independent amplifiers — 
making it ideal for applications such as active filters, multi-channel 
amplifiers, tachometer, oscillator and other similar usages. 


e Single-Supply Operation — +5.0 Vdc to +18 Vdc 
@ Internally Compensated 
@ Wide Unity Gain Bandwidth — 5.0 MHz typical 
@ Low Input Bias Current — 50 nA typical 
@ High Open-Loop Gain — 1000 V/V minimum 


QUAD 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Jt SUFFIX P SUFFIX 
CERAMIC PACKAGE . PLASTIC PACKAGE 
CASE 632 CASE 646 


FIGURE 1 — EQUIVALENT CIRCUIT 


Vcc - pin 14 Ground - pin 7 


FIGURE 2 — SMALL-SIGNAL TRANSIENT RESPONSE 


z 
3S 
a 
= 
g 
> 

€ 
3 
w 


" §.0 us/DIVISION 


FIGURE 4 — NONINVERTING AMPLIFIER 


Ay=10 BW=150 kHz 
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Rf. . 
510k — 
Rj+ 
_ +... Up(mA) 
BW = 250 kHz 


Mc3401__ | : 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 
Rating 


Power Supply Voitage 


Non-inverting Input Current 


Power Dissipation 
Derate above Ta, = +25°C 


3 


4 
> 


Operating Temperature Range 


‘Storage Temperature Range 


fe} 
OQ 
3 
= 3 
32 
oO 


+ 
< 
SB 


Characteristic 


Open-Loop Voltage Gain 
Ta = +25°C 
0°C < Ta < +70°C 


‘Symbol 


Avot 


1000 2000 
800 = 


6.9 
7.8 
ink | 


Quiescent Power Supply Current (Total for four amplifiers) 6,12 
Noninverting inputs open 


Noninverting inputs grounded 


Input Bias Current, Ry = °° 
Ty = +25°C 
0°C < Ty < +70°C 


, nAdc 
300 
500 : 


Output Current 
Source Capability 
Sink Capability 


o°9 


Output Voltage Vde 
High Voltage - VOH 13.5 14.2 
Low Voltage - VOL - 0.03 
Votp-p) 10 13.5 


Undistorted Output Swing (0°C < Ta < +70°C) 
Input Resistance - 

Stew Rate (C, = 100 pF, Ry = 5.0k) 

Unity Gain Bandwidth 


Phase Margin . 


| ot | 
za 
= eae 
Power Supp!y Rejection (f = 100 Hz) eae 


Channel Separation (f = 1.0 KHz) 


“ —_ 
re0 

a 

nw O 

c 

3 

Q 

i) 


= 
m 
Q 
te) 


P12] 
Dos | 
| 5.0 | 
=" 
| 65 


€91/€o2 


. NOTES 


1. Open loop voltage gain is defined as the voltage gain from the 
inverting input to the output. ; 

2. The quiescent current will increase approximately 0.3 mA for 
each noninverting input which is grounded. Leaving the non- 
inverting input open causes the apparent input bias current to 
increase slightly (100 nA) at high temperatures. 

3. Input bias current can be defined only for the inverting input. 
The noninverting input is not a true ‘‘differential input’’ —.as 
with a conventional IC operational amplifier. As such this in-: 
put does not have a requirement for input bias current. 

4. Sink current is specified for linear operation. When the device 
is used as a gate or a comparator (non-linear operation), the 
sink capability of the device is approximately 5.0 milliamperes. 

5. When used as a noninverting amplifier, the minimum output 
voltage is the Veg of the inverting input transistor. 

6. ‘Peak-to-peak restrictions are due to the variations of the qui- 

escent dc output voltage in the standard configuration (Figure 

8). d cae 

7. Power supply rejection is. specified at closed loop unity gain, 
‘ and therefore indicates the supply rejection of both the biasing 
‘ : circuitry and the feedback amplifier. 
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SIMPLIFIED TEST CIRCUITS 
(Voc = +15 Vde, Ru = 5.0 k2, Ta = +25°C 
[each amplifier] untess otherwise noted)’ 


FIGURE 5 — OPEN-LOOP GAIN AND INPUT RESISTANCE 
(INPUT BIAS CURRENT, OUTPUT CURRENT) 


AVin AVO 
=—— Ayal =- 

AliB AVin 
Amplifier must be biased (by Vin) in the 
linear operating region. 


Rin 


FIGURE 7 — OUTPUT VOLTAGE SWING 


Voc @+15 Vde 


+1.0 Vde 


VOL measured with “—” input biased up as shown. 
VOH measured with "—" input grounded. 
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FIGURE 6 — QUIESCENT POWER SUPPLY CURRENT 


{ '00.!06 


Ip is total supply current with +” input open. 
IDG is total supply cursent with “+” input-grounded. 


FIGURE 8 — PEAK-TO-PEAK OUTPUT. VOLTAGE 


Rf 
VOde = Vee —" = 
fF  Vect15V 
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MC3401 


TYPICAL CHARACTERISTICS : 
(Voc = +15 Vde, Ry = 5.0 kQ, Ta = +25°C 
[each amplifier] unless otherwise noted .) 


FIGURE 9 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 
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FIGURE 11 — OUTPUT RESISTANCE versus FREQUENCY 
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Ro, OUTPUT RESISTANCE (2) 
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FIGURE 13 — LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 
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[I 
aa 
a 
rae 
om 
as 
= 


Pa, 


Voc, SUPPLY VOLTAGE (Vdc) 


FIGURE 10 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 
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Avol, OPEN-LOOP VOLTAGE GAIN (V/V) 
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FIGURE 12 SUPPLY CURRENT versus SUPPLY VOLTAGE 
10 
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FIGURE 14 — LINEAR SINK CURRENT versus 
SUPPLY VOLTAGE 
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OPERATION AND APPLICATIONS 


Basic Amplifier 


The basic amplifier is the common emitter stage shown in Figures linear operation at the output. The sink current of the device can 
15 and 16. The active load |4 is buffered. from the input transistor be forced to exceed the specified level with an increase in the 
by a PNP transistor, Q4, and’from the output by. an NPN transistor, distortion appearing at the output. Closed toop stability is main- 
Q2. Q2 is biased class A by the current source 19. The magnitude tained by an on-the-chip 3-pF. capacitor shown in Figure 18. No 
of i) (specified Igjnk) is a limiting factor in capacitively coupled external compensation is required. 

FIGURE 15 


BLOCK DIAGRAM 


— oe ee Selnenatiiennstiiconstieue tamtiemstamninan nd 


79 . 
=| CIRCUIT SCHEMATIC + | 
; BIASING CIRCUITRY ! OPERATIONAL l ; OPERATIONAL is OPERATIONAL | OPERATIONAL 
103 AMPLIFIER #1 04,06 AMPLIFIER #2 05,0 AMPLIFIER #3 99,011 AMPLIFIER #4 


aN Si es ee ee ee 


“Q 


i?) 
x 
C9 ais pc ae ae aes 


CR 
i 
cR4 = 
Ks a 2 oe og Fag | 42 = 
7 
GND bod 
A noninverting input is obtained by adding a current mirror as alpha current gain of Q3 ~ 1, its collector current ~ lin2 also. 
shown in Figure 17. Essentially ail current which enters the non- In operation this current flows through an external feedback resis- 
inverting input, ling, flows through the diode CR1. The voltage tor which generates the output voltage signal. For inverting appli- 
drop across CR1 corresponds to this input current magnitude and cations, the noninverting input is often used to set the dc quiescent 
this same voltage is applied. to a matched device, Q3. ThusQ3is_. level at the output. Techniques for doing this are discussed i in the 
biased. to conduct an emitter current equal to lj,2. Since the "Normal Design Procedure” section. 
FIGURE 16 — A BASIC GAIN STAGE . FIGURE 17 ~ OBTAINING A NONINVERTING INPUT 
Vect 


Biasing Circuitry 


The circuitry common to all four amplifiers is shown in Figure 19. Q6. Transistor Q7 reduces base current loading. The voltage 


The purpose of this circuitry is to provide biasing voltage for the across resistor R2 is the sum of the voltage drops across CR2, CR3 
PNP and NPN current sources used in the amplifiers. and CR4, minus the VBE drops of transistor Q9 and diode CRS. 


The current thus set is established by CRS5 in all ‘the NPN current 
sources (Q10, etc.). This technique results in:current source magni- 
tudes which are relatively independent of the supply voltage. 


The voltage drops across diodes ‘CR2, CR3 and CR4 are used as 
references. The voltage across resistor R1 is the sum of the drops 
across CR4 and CR3 minus the VgE of O8. The PNP current 
sources (Q5, etc.) are set to the’ “Magnitude Vee/RI by transistor: 
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OPERATION AND APPLICATIONS (continued) 


FIGURE 18 — A BASIC OPERATIONAL AMPLIFIER 


O Vect 


FIGURE 19 — BIASING CIRCUITRY 
O Vect 


NORMAL DESIGN PROCEDURE 


1, Output Q- Point Biasing 
A. Anumber of techniques may be devised to bias the quiescent 


Output voltage to an acceptable level. However, in terms of 
loop gain considerations it is usually desirable to use the 
_ noninverting input to effect the biasing as shown in Figures 
3 and 4. The high impedance of the collector of the non- 
inverting “current mirror’ transistor helps to achieve the 
_ maximum loop gain for any particular configuration. It is 
desirable that the noninverting input current be in the 5 uA 
-to 100 pA range. 
3. Voc Reference Voltage (see Figures 3 and 4) 
The noninverting input is normally returned to the Voc 
voltage (which should be. well filtered) through a resistor, 
R;, allowing the input current, I,, to be within the range of 
5 uA to100 "A. Choosing the feedback resistor, Re, to be 
equal to % R, will now bias the amplifier output dc level to 


Vcc 


approximately > This allows for maximum dynamic 


range of the output voltage. 
.. Reference Voltage other than Vcc (See Figure 20). 
The biasing resistor R, may be returned to a voltage (Vr) 


FIGURE 20 — INVERTING AMPLIFIER WITH 


_ ARBITRARY RE FERENCE 
Rf 


Vr *Select for low 
frequency response. 


6 


other than Vcc. By setting R¢ = Ry, (still keeping |, between 
5 nA and 100 wA) the output dec level will be equal to V,. 
pregiecting error terms, the expression for determining Vode 
is: ... 


Vr) (R Re\ 
ous MEBE  -B 


where @ is the Vge drop of the input transistors (approxi- 
mately 0.7 Vde @ +25°C). 


The error terms not appearing in the above equation can 
cause the dc operating point to vary up to 20% from the 
expected value. “Error terms are minimized by setting the 
input current within-the range of 5 uA to 100 WA. 


2. Gain Determination 
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A. tnverting Amplifier 


The amplifier is normatty used in the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normatly capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output is capacitively coupled to the load, the value of 


FIGURE 21 — INVERTING AMPLIFIER WITH 
Ay = 100 AND V,; = Vcc 


510k 


fi = 300 Hz, fy = 50 kHz 


MC3401 


NORMAL DESIGN PROCEDURE (continued) 


Isink becomes a limitation with respect to the load driving 
capabilities of the device. The limitation is less severe if the 
device is direct coupled. In this configuration, the ac gain 
is determined by the ratio of R¢ to Rj, in the same manner 
as for a conventional operational amplifier: 


R¢ 
; My, Rj 
The lower corner frequency is determined by the coupling 
Capacitors to the input and load resistors. The upper corner 
frequency will usually be determined by the amplifier in- 
ternal compensation. The amplifier unity gain bandwidth 
is typically 5.0 MHz and with the gain roll-off at 20 dB per 
decade, bandwidth will typically be 500 kHz with 20 dB of 
closed logp gain or 50 kHz with 40 dB of closed loop gain. 
The exception to this occurs at low gains where the input 
resistor selected is large.. The pole formed by the amplifier 
input capacitance, stray capacitance and the input resistor 
may occur before the closed loop gain intercepts the open 
Joop response’ curve. The inverting input capacity is typi- 
cally 3.0 pF. 


B. Noninverting Amplifier 


Aithough recommended as an inverting amplifier, the MC 
3401 may be used in the noninverting mode (see Figure 4). 
The amplifier gain in this configuration is subject to the 
same error terms that. affect the output Q. point biasing so 
the gain may deviate as much as +20% from that expected. 
In addition, the resistance of the input diode must be in- 
cluded in the value of the input resistor: This resistance is 


26 
approximately % ohms, where |}, is input current in milli- 
r 
amperes. The noninverting gain expression is given by: 


Rf 
Ay =. -—oo—-—EZON,. 
26 

: I, (mA) ; 
The bandwidth of the noninverting configuration for a given 
R¢ value is essentially independent of the gain-chosen. For, 
R¢ = 510 kQ the bandwidth will be in excess of 200 kHz 
for noninverting gains of 1, 10, or 100. This is a result of- 
the-loop gain remaining constant for these gains since the, 
input resistor is effectively isolated from the feedback loop. 


Ri+ 


, TYPICAL APPLICATIONS 
FIGURE 22 — AMPLIFIER AND DRIVER FOR A 50-OHM LINE 


510k 


Ay = 10 
Vo = 6 Vip-p) 


+15V 


2N4401 or equiv 


or equiv 


or equiv 


Vo. 


2N4403 a0 


FIGURE 23 — BASIC BANDPASS AND NOTCH FILTER 


2 
_ 2(R |} QR) 


Tpp = Center Frequency Gain 
TN = Passband Notch Gain 


RC 
R1=QR 
RI 
R2=— 
TBP 


R3= Tn R2 


R 


2(R1||R3) 


MC3401 


300k 


Vin 


TYPICAL APPLICATIONS (continued) 


FIGURE 24 — BANDPASS AND NOTCH FILTER 
62k 


Bandpass Output» pin 4 : 12 
Notch Qutput——* pin 10 : 


FIGURE 25 — VOLTAGE REGULATOR 


v7 1N3824 
43V z or equiv 


FIGURE 26 — ZERO CROSSING DETECTOR 


Voc =+15V 


MAGNETIC 


PICKUP OUTPUT 
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Vee (Pin 14) = +12 Volts 
Ground - pin 7 

Center Frequency 500 Hz 
NOTCH Q=5 

Bandpass Gain = 1 


Vo= Vz+ 0.6 Vde 

NOTE 1: R is used to bias the zener. 

NOTE 2: If the Zener TC is positive, and equal in 
magnitude to the negative TC of the input 
to the operational amplifier (~ 2.0 mV/°C), 
the output is zero-TC. A 7.0-Volt Zener 
will give approximately zero-TC. 


INPUT SR Sf OV 
OUTPUT 
cehee Ov 


ORDERING INFORMATION . 
Device Temperature Range Package 


MC3303L —40°C to.+85°C Ceramic DIP. 
MC3303P —40°C to +85°C Plastic DIP 
MC3403L. are to’'+70°C = Ceramic DIP 
MC3403P te 0°€ to-+70°C Plastic DIP 


MC3503L_e —55°C to +125°C Geramic DIP 


Specifications and Applications 
Information 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 


The MC3503 is a low-cost, quad operational amplifier with true 
' differential inputs. The device has electrical characteristics similar to 
the popular MC1741, However, the MC3503 has several distinct 
advantages over standard operational amplifier types in single supply 
applications. The quad amplifier can operate at supply voltages as 
low as 3.0 Volts or as high as 36 Volts with quiescent. currents 
about one’ third of those associated with the MC1741 (on a per 
amplifier basis). The common mode input range includes the negative 
supply, thereby eliminating the necessity for external biasing com- 
ponents in many applications. The ‘output voltage range also includes 
the negative power supply voltage. ; 


Short Circuit Protected Outputs 
Class AB Output Stage for Minimal Crossover Distortio 
True Differential Input Stage 
Single. Supply Operation: 3.0 to 36 Volts 

Split Supply Operation: +1.5 to £18 Volts 

Low Input Bias Currents: 500 nA Max 
Four Amplifiers Pér Package 

internally Compensated 

Similar Performance to Popular MC1741 


SINGLE SUPPLY SPLIT SUPPLIES 


3.0 V to 30 V i 


=1.5V to 18 V 


= 15V to 18V 


MAXIMUM RATINGS 


Symbol 


Power Supply Voltages 
Single Supply 
Sptit Supplies — 


Input Differentia! Voltage Range (1) 


, 7 aE: 
Input Common Mode Voltage Range (1) (2) Vicr Vde. 


Storage Temperature Range ° Tstq . " & 
Ceramic Package “ake -65 to +150 
Plastic Package ; -55 to +125 : 
oc 


Operating Ambient Temperature Range 


_ MC3503 -55 to +125 
MC3403 0 to +70 
MC3303 -40 to +85 


Jungtion Temperature 
Ceramic Package 
Plastic Package 


(1) Split Power Supplies. os 
(2) For Supply Voltages less than +15 V, the absolute maximum input voltage is equal to the 
supply voltage. ; i ; : : 
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MC3403P.L 
_ MC35031 
MC3303P,L 


QUAD DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX: 
PLASTIC PACKAGE 
CASE 646 
(MC3403 and MC3303 only). 


PIN CONNECTIONS 


MC3403, MC3503, MC3303 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V for MC3503, MC3403, Vcc = +14 V, Veg = Gnd for MCC3303. 
. Ta = 25°C unless otherwise noted.) 


MC3503 


Ty 


Input Offset Voltage 
Ta= Thigh to Tlow (1) 


Input Offset Current eS 
Ta = Thigh t° Tlow 
Large Signal Open-Loop Voltage Gain 
Vo = t10V, RL = 2.0 k82; 
Ta = Thigh ' Tow i 300 
input Bias Current ~200 
TA = Thigh t° Tiow -300 


Output tmpedance 
f = 20 Hz 


Input Impedarice ae 


Output Voltage Range 
RL = 10k2Q 
RE 2.0k2 
Re = 2.0k2, Ta = Thigh t0 Tow 


E 
~ 
a 
i 8 
ou =o 


& 
° 


EEro | 


+42 £13.5 
+10 £13 
+10 - 


+13 V -Veg]+13.5 V-VeE +13 V-VeeE] +13.5V-Veg 
Bal oe 


0) 


+12 


+13V-VeEr13.5V-VE 


7.0 
245 - 


Average Temperature Coefficient of Input 
Offset Current 
‘Ta = Thigh to Thaw 

Average Temperature Coefficient of input 
Offset Voltage : 
Ta = Thigh 19 Tlow 

Power Bandwidth 
Ay=1, Ry = 2.0k2, Vo = 20 Vip-p), 

THD = 5% 


Smali-Signal Bandwidth : 
. Ay =1, RL = 10k, Vg = 50mV 


Stew Rate 
» Ay zlVj=-10V 0 t10V | ‘ 


Rise Time 

Ay =t, Ry = 10 k22, Vo = SO0mvV 
Fait Time 

Ay =1, Ry = 10 k8t, Vg = 50 mV 


Overshoot - 
Ay =1, Re = 10 k2, Vg = 50 mv. 

Phase Margin = 
“Ay #1, Ry = 2.0k2, Cy, = 200 pF + 


Crossover Distortion 
(Vin = 30MVp-p, Vout = 2.0 Vp-p, 
f = 10 kHz) . ; 


(1) Thigh = 125°C for MC3503, 70°C for MC3403, 85°C for MC3303 
Tlow = -55°C for MC3503, 0°C for MC3403, -40°C for MC3303 


ELECTRICAL CHARACTERISTICS (vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) - 


Input Offset Voltage 
Input Offset Currens . | No. | 
Input Bias Current | tie | 


Large-Signal Open-Loop Voltage Gain Avot 
Rp = 2.0k2 : 


vi 
Power Supply Rejection Ratio | PSRR | 
Output Voltage Range (3) Vor 
RL = 10k. Voc = 5.0V_ : 
Ry = 10k, 5.0 V < Voc < 30 V 


Power Supply Current: . | Cc 
Channel Separation : 
# = 1.0 kHz to 20 kHz (Input Referenced) | 


(2) Not to exceed maximum package power dissipation. 
{3} Output will swing to ground : 


‘ 


(AA) MOTOROLA Semiconductor Products inc. 
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MC3403, MC3503, MC3303 


- CIRCUIT SCHEMATIC 


(1/4 Shown) 


Q2 Qs 
60 k 
ees. a 


5 Vidiv. 


20 us/div. 


CIRCUIT DESCRIPTION 
The MC3503/3403/3303 is made using four internally 


compensated, two-stage operational amplifiers. The first . 


stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors.Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting. and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 


can be employed, thus saving chip area. The transcon-: 


ductance reduction is accomplished by splitting the col- 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 


(AK) MOTOROLA Semiconductor Products Inc. 
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Bias Circuitry 
Common to Four 
Amplifiers 


without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper- 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 


‘can tolerate at a given operating ambient temperature, can 


be found from the equation: 
Ty(max) -TA 


roltal= RaJalTyp) 


"Where: PD(Ta) = Power Dissipation allowable at a given 


Operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. ‘ 


Ty(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 


Temperature ‘i : 
RajalTyp) = Typical Thermal Resistance Junction to’ 
Ambient 


MC3403, MC3503, MC3303 | 


TYPICAL PERFORMANCE CURVES 


\ 
\ 


FIGURE 1 — SINE WAVE RESPONSE. FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 
2 om 
3 g 
> = z 
3 as 
wo 
,oad 
ae 
=~ 
8s 
£9 
t 2. 
a 
SS ! H ' ' o 
2 et hs Tn We peel oe . 2 
s fs te ; aries 
id = aa,* | a= ~ * ti, ah. , . 
9 silo teatlige ean uipis aiace 1.0 10 100 1.0k 10k 100k 1.0M 
| produces distortionless sinewave. fia f, FREQUENCY (Hz) 
50 us/div. " 
FIGURE 3~— POWER BANDWIDTH . FIGURE 4 — OUTPUT SWING versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE (VOLTS p-p) 


Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


-6.0 
1.0k ; 10k 100 k 1.0M 
f, FREQUENCY (Hz) Vcc AND Vee, POWER SUPPLY VOLTAGES (VOLTS). 
FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


no 
o 


ip, INPUT BIAS CURRENT (nA) 
* iyp, INPUT BIAS CURRENT (nA) 


(aaa EaeR 


T, TEMPERATURE (°C) : . Vec AND IVegl, POWER SUPPLY VOLTAGES (VOLTS) 
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APPLICATIONS INFORMATION 


FIGURE 8 — WEIN BRIDGE OSCILLATOR 


FIGURE 7 — VOLTAGE REFERENCE 


Vee 


10k 
R2 


10k 
R1 


Hysteresis 


| nf | 
Vint ! Vink 
Vref 
. R1 
Vint * B79 Ae (VOL — Vref) + Vref 
: R11. 
. = VinH = RT a Re (VOH — Vref) + Vref 
€g = C (1 +a + b) (e2 - 1) R11 
: H = ————~ (VoH — VoL) 
R1+R2 
FIGURE 11 — BI-QUAD FILTER 
1 
oO 2anRe 
R1=OR 
Vin 1 R1 
2°=—— Vref = 5 Yoo 
Tep 
R3= Ty R2 
c1=10C 
Veet For fg=1 KHz 
; 'Q=+10 
Bandpass 
Output Tpp*1 
Tus 1 
C1 i 
(——@ notch Output R= 160k2 
C= 0.001 uF 
_ R1= 1.6M2Q 
Where Tgp = Center Frequency Gain R2=1.6MQ2 
R3= 1.6MQ2 


Vref . ; 
; Ty = Passband Notch Gain 


‘MOTOROLA Semiconductor Products Inc. 
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FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


1 
Vref = 3 Vec 
Vref 


Square Wave 
Output 


R1+RC R2R1 
«= Of, RB=——_ 
4 CR RI . R2+R1 


FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


R1 
Vin 
C-®Vo0 
Co 
Co = 10C 
1 
= Vref Vret = 5 Vcc 
Given fo = Center Frequency 
A(fg) = Gain at Center Frequency 
Choose Value fg, C 
Then: 
Q 
Re tt fg C 
R3 
et 
RI Dal) 
e R1RS 
R2 


“402 R1— 5 


For less than 10% error from operational amplifier t 


Q fo — . 
Bw <0.1 Where fy and. BW are expressed in Hz. 


If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameters. 


Circuit diagrams utilizing. Motorola products are included as a means is betieved to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. . Furthermore, such information does not 


complete infarmation sufficient for construction purposes is not . convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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ORDERING INFORMATION 


Device Temperature Range Package | , 
MC3358P1 —40°C to +85°C Plastic DIP MC3458 
MC3458G - 0°C to +70°C Metal Can 
MC3458P1 0°C to +70°C Plastic DIP MC3558 
MC3458U 0°C to +70°C Ceramic DIP By? 
MC3558G —55°C to +125°C Metal Can 


MC3558U —55°C to ee Ceramic DIP . . MC3358 


Specifications and Applications 
Information 


DUAL DIFFERENTIAL 


INPUT 
: “OPERATIONAL AMPLIFIERS 
DUAL LOW POWER OPERATIONAL AMPLIFIERS 
Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VE_E, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC1558 dual operational 
amplifier. The MC3558 Series is equivalent to one-half of a MC3503. 
’ These amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications.. They can 
operate at supply voltages as low as. 3.0 Volts or as high as: 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis): The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 
Short Circuit Protected Outputs 
True Differential Input Stage 
Single Supply Operation: 3.0 to 36 Volts 
Low Input Bias Currents 
Internally Compensated 
Common Mode Range Extends to Negative Supply 
Class AB Output Stage for Minimum Crossover Distortion 
Single and Split Supply Operations Available 
Similar Performance to the Popular MC1558 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Inputs A Inputs B / 


P1SUFFIX | 
PLASTIC PACKAGE 
CASE 626 
(MC3458, MC3358 only) 


MAXIMUM RATINGS 


Power Supply Voltages 
Single Supply 
Split Supplies 


U SUFFIX - 
CERAMIC PACKAGE 
CASE 693 


Input Forward Current 
(Vv, < -0.3 V) 

Junction Temperature 
Ceramic and Metal Packages 
Plastic Package 


Storage Temperatu re Range 
Ceramic and Metal Packages 
Plastic Package 


Operating Ambient Temper- 
ature Range ‘ 
MC3558 : -55 to +125 
MC3458 0 to +70 
MC3358 ~40 to +85 


{1) Split Power Supplies. : 
(2) For Supply Voltages Jess than +15 V, the absolute maximum input ee is equal to 
the supply voltage. : 
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MC3458, MC3558, MC3358 


; (For MC3558, MC3458, Vcc = +15 V, VEE = -15 V, Ta = 25°C unless otherwise noted.) (For MC3358, Vcc = +14 V, Veg = Gnd, 
ELECTRICAL CHARACTERISTICS Ta = 25°C, uniess otherwise noted.) 


as Fe Te a 
| Min | typ Typ 
Input Offset Voltage : Vio 
Reaetipetedi. 2 2k eg 
input Offset Current 
Lae A FS ag 
Large Signal Open-Loop. Voltage Gain Py we | owe | 
Vo = 210 V, RL = 2.0kQ, 200 
Ta= Thigh to Tlow _ 300 


Input Bias Current : 
Ta = Thigh t© Tiow Lee 
Output Impedance ae 
f= 20 Hz 
Input Impedance et al 
; f= 20 Hz 
Output Voltage Range 


~ 
or 
m 


Ry = 10k2 £12 
RL =20k2 +10 
Ry = 2.0k2, Ta = Thigh to Tlow +10 


+13 V-VEE 


Input Common-Mode Voltage Range Vicn [+13 V-Ve_l+13.5 V- 
Common-Mode Rejection Ratio CMRR 70 
Ag < 10k2 
Power Supply Current (Vo = 0) : lcc-lee | 
RL =e 


Individual Output Short-Circuit Current (2) | los: | +10. 
Positive Power Supply Rejection Ratio 
Negative Power Supply Rejection Ratio | PSRR- | 


Average Temperature Coefficient of Input 

Offset Current 

Ta = Thigh t° Tlow 

Average. Temperature Coefficient of Input 

Offset Voltage 

Ta = Thigh t© Tlow 

Power Bandwidth 
Av= URL = 2.0k8, Vg = 20 Vip-p), 

THD = 5% 

Smali-Signal- Bandwidth 

Ay = 1, Rt = 10k2, Vo = 50mvV 


riBV-Vee| ~_Pi2V-Veewi25V-Vee| — | Vv 
70 


ra) 


°o 


rs 
_ 


ao 
oO 


Stew Rate Vius 
Ay =1,Vj=~-10V to +1QV fe 

Rise Time Te 
Av =1, RL = 10 k2, Vg = SOmV 

Fait Time 0.35 
Ay =1, RL = 10 kS82, Va = 50 mV 

Overshoot 20 
Ay =, RL = 10k2, Vg =50mVv 


Phase Margin. 
Av =1,R_=2.0k2,C, = 200pF 


Crossover Distortion : : 
(Vin = 30MVp-p, Vout = 2.0 Vp-p, 
f = 10 kHz) 


(1) Thigh = 125°C for MC3558, 70°C for MC3458, 85°C for MC3358. 
Tiow = 95°C for MC3558, 0°C for MC3458, -40°C for MC3358. 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


4 
< 
b] 


Input Offset Voltage 


Input Offset Current : 
input Bias Current : 


Large-Signal Open-Loop Voltage Gain 
Ry = 2.0k2 , 
Output Voltage Range (3) 
Ry = 10 k2, Voc = 5,0 V : 
Ry = 10k2, 5.0V < Voc < 30 V 
Channel Separation d 
ff = 1.0 kHz to 20 kHz (Input Referenced) . 


~ 
o 


to 
oa] 


(2) Not to exceed maximum package power dissipation. 
(3) Output will swing to ground 
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MC3458, MC3558, MC3358 
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REPRESENTATIVE CIRCUIT SCHEMATIC 


(% Shown) 


neha 


INVERTER PULSE RESPONSE 


5 Vidiv. 


20 us/div. 


Bias Circuitry 
Common to Both, 
Amplifiers 


Vec 


OVeg (Gnd) 


CIRCUIT DESCRIPTION 


The MC3558 Series is made using two internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended. converter Q3 and Q4. 
The first stage performs not only the first stage -gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include © 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 


. ferential to single-ended converter. The second stage con- 


sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground jin single supply operation and yet does 
not exhibit any crossover distortion in split supply oper- 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. © 
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TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE 


SACI $L 
TV EATALAL |, 
Suaueueuae 

[<9 ~9=5-e-e 


“Note Class AB output stage 
produces distortionless sinewave. 


50 us/div.. 


FIGURE 3 — POWER BANOWIDTH 


Vo, OUTPUT VOLTAGE (VOLTS p-p) 


5.0 
vata [Hil 
LTT 


1.0k 10k 100 k 
f, FREQUENCY (Hz) 


: FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE 


\tg, INPUT BIAS CURRENT (nA} 


T, TEMPERATURE (°C) 
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FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 
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f, FREQUENCY (Hz) 


FIGURE 4 — OUTPUT SWING versus SUPPLY VOLTAGE 


Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


ES eaeSenan 
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BRENGRERER 
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Vec ANO Veg, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


~ Wp, INPUT BIAS CURRENT (nA) 


- 0 20 40 6. 8 10 12 14 16 18 20 
Vcc AND iVeEl, POWER SUPPLY VOLTAGES (VOLTS) 
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ar 


MC3458, MC3558, MC3358 


5 APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE 


Vee 


10k 


10k 
R1 


@9 = C (1 +a+b) (e2 - e1) 


Vin 
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FIGURE 8 — WEIN BRIDGE OSCILLATOR 


50 k 


fz = 
, "an RC 
Vret = 3 V For fg = 1kH2 
R= 16k22 
C= 0.01 HF 


FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 


VOH ie 
( 
Vo 
Vv 
Ot Vint | VinH 
Vref 


' 


R1 
Vinu= Rit R2 (Vou — Vret) + Vret 


Rt 
Vin" R74 Aa (VoH — Vret) + Vref 


R1 
H= (Vor - Vou) 


 RI+R2 


SY 


FIGURE 11 — BI-QUAD FILTER 


1 


f.= 
Oo” 2m RC ° 
100k - : 
Rt=aQ 
1 1 
A2=s Vref = 5 Vee 
Tep 
. R3= Th R2 
3>—O C1=10C . 
O = 
Veet For fo = 1kHz 
Q=10° 
Bandpass Vref ; 7 
Output Tpp=1 
: Ty = 1 
c1 
Notch Output R= 160k2 
C= 0.001 uF 
1 R1=1.6MQ . 
Vref Where = Tgp = Center Frequency Gain R2+1.6M2Q 
Ty = Passband Notch Gain 


R3= 1.6M2 


\ 
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APPLICATIONS INFORMATION (continued) 


FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Vives Output 
Square Wave 
Output 
R1+RC ; R2R1 
: = if R3=——- 
4CR;RI1 R2+R1 
FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 
“y 
Vin 
evo 
Co 
Co = 10C 
: 
' ‘ 1 
Vref Vret = 5 Voc ; 
Given fg = Center Frequency 
A(fg) = Gain at Center Frequency 
: Choose Value fo, C ‘ 
- : Then: é ' 
R3= e 
Tg Cc 
R3 
R= 
2 Alfg) 
R1R3 
R2 


_ 402R1— R3 
For less than 10% error from operational amplifier 


Qo fo 


aw <0.1. © Where fg and BW are expressed in Hz. 


if source impedance varies, filter may be preceeded with 
voltage fottower buffer to stabilize filter parameters. 


- Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is - 


of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not. convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully. checked and license under the patent rights of Motorola Inc. or others. 
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Advance Information 


QUAD WIDEBAND OPERATIONAL AMPLIFIERS 


The MC3471/MC3571 is one of the first quad FET-input opera- 
tional amplifiers offered to the industry. Its FET input ‘gives the 
‘ amplifier a very high input impedance and extremely low input 
characteristics. The MC3471 also features a unity gain stable 10 MHz 
bandwidth. 

This large bandwidth makes this device excellent for active filter 
applications where high frequency performance is required. It is also 
very useful ‘as a general purpose high performance operational 
amplifier because of its attractive input characteristics. 


Four Amplifiers on a Single Monolithic Chip 
FET Input 

Bandwidth = 10 MHz (Unity Gain Stable) 
High Input Impedance . 
Low Input Offset Currents (20 pA) . © 

No External Compensation Required 

High Slew Rate (20 V/us) 


= ree RATINGS 


Power i oe Voltage 


Input Differential Voltage 
_ Input Common Mode Voltage 
Output Short-Circuit Duration 


Power Dissipation 
Plastic package : 
Ceramic package 


Soornveds 


‘Operating Teriperature Range 
- MC3471 - 0 to +70 
MC3571 ~55 to +125 


Storage Temperature Range a to +150 


Operating Junction Temperature Range 


Thermal Resistance, Junction to Ambient 
Plastic (Case 646) 
Ceramic (Case 632) 


This is advance information and specifications are subject to change without notice, 


® 
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_. QUAD FET-INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 : 

TO-116 


' P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


PIN CONNECTIONS 


Output Output 
1 


Inputs 


ORDERING INFORMATION 


Temperature 
Device Range. Package 


MC3471L 0 tq +70°C Ceramic olP 
MC3471P - 0 to +70°C 


MC357iL_ |: 55 to +125°C 


MC3471, MC3571 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = 25°C unless otherwise noted.) 
Imput Offset Voltage Vic 

(Rg = 10 kX) 

(Rg = 10 k&, Troy to Thig 


= 
oO 
w 
oa 
~~ 
= 


MiC3471 


2 
c 


Ih Pte bt le 
' Wai 


we 
—_ ot 
WN 


Input Differential Voltage Range Vior 


Output Short-Circuit Current 
(Shorted to Supplies) — 
Smali-Signal Bandwidth 
Power Bandwidth = 
(Vout = #10 V) 


Power Consumption 
(Ta = 25°C) 
(Ta = Tlow to Thigh) 


te 
w 
o 


10 
input Offset Gurrent Sid 
[input BiasCurrent | wT 
‘Largé-Signal Open Loop Voitage Gain Moe 
(RL =2.0k2) 25k 50 k 
| (RE = 2.0 k&, Toy to Thigh) 15k 25 k 
Power Supply Current ; Me 
(Ta = 25°C) 
(Ta = Tlow to Thigh) 
(Ta = 25°C) lee 
(Ta = Tlow to Thigh) i ; 
Preemie eee eres 
_Tow to Thigh? 
Power Supply Rejection Ratio : 70 70 
[area ae Ra (ee 
(RL = 20 k2, Tiow to Thigh) +10 
(Ry = 10 kQ, Tigw to Thigh) : £12 
Input Common-Mode Voltage Range 
los 


N 
o 


= 
oO 


300 
360 


+ 
—> 
: wn 


a) 
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ORDERING INFORMATION 


“Device Temperature Range Package 
MC3476G | 0°C to-+70°C Metal Can - 


* MC3476P1 0°C to +70°C Plastic DIP 


PROGRAMMABLE OPERATIONAL AMPLIFIER 


This extremely versatile operational amplifier features low power 
consumption, and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of an 
external resistor value or current source applied to the Isat input. 

_ This allows the amplifier’s characteristics to be optimized for input 
current, power consumption and input voltage despite wide varia- 
tions in operating power supply voltages. 


+6.0 V to £15 V Operation 

Wide Programming Range 

Offset Null Capability 

No Frequency Compensation Required 
Low Input Bias Currents 

Short-Circuit Protection 


RESISTIVE PROGRAMMING (See Figure ‘1.). 


Reet to GROUND 


Reet to NEGATIVE SUPPLY 


Vec 


Vcc -0.6 -VEE 
areas 


Reet 


: Typical Ree; Values 
Veco Vee] 'set= 10HA | Iset = 15 UA 


Typical Reey Values 
Vec. VEE| Iset = 1O0HA | Iser = 15 HA 


. PROGRAMMABLE 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


ee © 
Non-Inverting Input br hon Null 


G SUFFIX VEE 
METAL PACKAGE - 
CASE 601-03 


PT SUFFIX 
PLASTIC PACKAGE 
CASE 626 


VOLTAGE OFFSET 
NULL CIRCUIT 


TRANSIENT-RESPONSE 
TEST CIRCUIT . 


MC3476_ 


‘ 


MAXIMUM RATINGS(T, = +25°C unless otherwise noted.) 


| : 


Programming Current 


Programming Voltage 
(Voltage from Icez terminal to ground) 


Power Dissipation (Package Limitation) 
Metal Package @ Tq = +25°C 
Derate above 25°C 
Plastic Package @ Ty = +25°C 
Derate above 25°C 


*Short-Circuit to ground with fsat < 15 uA. Rating applies up to ambient temperature of +70°C. 


EQUIVALENT SCHEMATIC DIAGRAM 


‘ 


100. «OUTPUT 
O68: 


MC3476 


Input Offset Voltage (Rs < 
Ta = +25°C 
0°C <Ta, < 70°C 

Input Offset Current 
Ta = +25°C 
Ta = 70°C 
Ta =0°C 

Input Bias Current 
Ta =+25°C 
Ta = 70°C 
Ta = 0°C 

Input Resistance 


Large Signal Voltage Gain 
Ri = 10kQ, Vo = £10 V, Ta = +25°C 
RL > 10kQ, Vo =£10 V, 0°C < Ta < 70°C 


Ta =+25°C 
0°C <Ta < 70°C 
Power Consumption 
Ta =+25°C 
0°C < Tp < 70°C 
Transient Response (Unity Gain) 
Vin = 20 mV, Ru > 10k, CL = 100 pF 
Rise Time 
Overshoot 
Slew Rate (Ry > 10 kQ) 
Output Voltage Range 
Ry > 10 kQ, Ta = +25°C 
Ry 2 10:k2, 0°C < Ta < 70°C 
Input Common-Mode Voltage Range 
0°C < Ta < 70°C 
Common-Mode Rejection Ratio 
Rs < 10k2, O°C < Ta < 70°C 
Supply Voltage Rejection Ratio © 
Rg < 10k2,0°C < Ta < 70°C 
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= 10M LJ 
= ae 
2 rt 
a ee 
foe) {td 
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ee 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Iget = 15 HA, Ta = +25°C unless otherwise noted.) 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 2 + POSITIVE STANDBY SUPPLY 
CURRENT yersus SET CURRENT 


1000 


as 
+6V<Voec <+1 
-6V>VeEE>-1 


100 


19 


1.0 


PE 


POSITIVE STANDBY SUPPLY CURRENT (uA) 
CT TT 


OT AT 


ay 
a 
iL TT Ty 
0.01. 0.1 1.0 ¢ 10° 100 


Iset, SET CURRENT (uA) 


MC3476 


TYPICAL CHARACTERISTICS (continued) 


(Ta 


+25°C unless otherwise noted.) 


FIGURE 4- INPUT BIAS CURRENT versus SET CURRENT 


FIGURE 3 — OPEN-LOOP GAIN versus SET CURRENT 


(A/A) NIVS dO0T:N3d0 “TOAY 


Iset, SET CURRENT (uA) 


_— teat, SET CURRENT (uA) 


— GAIN-BANDWIDTH PRODUCT (GBW) 


FIGURE 6 


SLEW RATE 


versus SET CURRENT 


FIGURE 5 


versus SET CURRENT 
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Iset, SET CURRENT (pA) 


Iset, SET CURRENT (uA) 


OUTPUT VOLTAGE SWING 


versus LOAD RESISTANCE 


OUTPUT SWING 
versus SUPPLY VOLTAGE 


FIGURE 8 


FIGURE 7 
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Advance Information 
PROGRAMMABLE QUAD OPERATIONAL AMPLIFIER 


The MC4202C is an array of four independent operational ampli- 
fiers on a single silicon chip. The operating current of the array is 
externally controlled by a single resistor or current source, allowing 
the user to trade-off power dissipation for bandwidth. 


Wide Input Voltage and Common Mode Range 
Externally Programmable 
Internal Frequency Compensation 
No Latch-Up 
_Matched Parameters 


Short-Circuit Protection 


SCHEMATIC DIAGRAM (Each Amplifier) 


TCommon Bids Network 


To Op , Amps 


Vee ~ VBE 
Rset 


voltage © 0.65V. 
be 


This is advance information and specifications are subject to change without notice. 
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MC4202CP 0 to +70°C Plastic DIP 


4 


PROGRAMMABLE QUAD 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


-ORDERING INFORMATION 


Temperature 


fective: @) eee |b teatag S| 


} Range 


MC4202CL Oto +70°C Ceramic DIP 


MC4202C 


" MAXIMUM RATINGS 


Symbol [id] 


VEE -18 
| oiffrentia input Vottage Range | Vipg | 290 ——S 


Short-Circuit Duration 


' | Operating Ambient Temperature Range 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range 


Notes: : 

1. Ceramic dual-in-line package rating applies for case temperatures to + 125°C; derate 
linearly at 10. mW/°C for ambient temperatures above +95°C. Plastic dual-in-line 
package ‘rating applies for case temperatures to 70°C; derate linearly at 6.7 mW/°C 
-for ambient temperatures above +55°C. 

2. Short-circuit may be taken to either supply line or ground on only one amplifier 
at a time. 


175 
150 


ELECTRICAL CHARACTERISTICS* — High Power Mode (Vcc = 15 V, Veg = -15 V, Iset = 75 HA and 


Ta = +25°C unless otherwise noted.) 


: Characteristic 


Short-Circuit Current 
Supply Current(1) 


Input Offset Voltage Vio 
(Rs S10 k2Q) . 


Input Bias Current 
‘Input Offset Current 


N 
OQ 
oO 


N 
[=] 
Oo 


Input Resistance 


tO 
on 


SS 
acy 
= o 
« wo ° 


Rise Time 
(AVo = £20 mV) 
Overshoot : 
(AV, = +20 mV) 
Channe! Separation 
(Ri = 2.0 kQ, f = 1.0 Hz) 
(RL = 2.0 kQ, f = 10 kHz) 
Slew Rate 
Equivalent Input Voltage Noise 
(Bandwidth = 100 Hz to 10 KHz) 


N 
oO 
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MC4202C 


ELECTRICAL CHARACTERISTICS* — Micropower Mode (Vcc = +1.5 V. Vee = -1.5 V, Iget = 1.0 HA unless otherwise noted.) 


[SSC harnctorntic SSS «dS ‘| Min | Tye _— 


| | Unit 
| Supply Current() 0 ig 80 | uA 
apiece? St ee ge fe oe ieee 
[input Oven Curent dP pa] 
_ Input Offset Voltage ; Vio ee 

(Rg tS 10k) ; 

Wnt Resitonce—SSSCSCSCSCSY a 

Input Common Mode Voltage Range * <t 

Common Mode Rejection Ratio ; ; | dB 


Voltage Supply Rejection Ratio. i ee 


p50 
Large Signal Voltage Gain AVOL 
(Ri = 100 ko) os . 


Degrees 


uA 
nA 
mV 
MQ 
£V 
us 

% 


Overshoot 
(AV = +20 mv) 


Channel Separation, Any Amplifier Pair 
(RL = 20kQ, f = 1.0Hz, AVG = +0.5 V) 
(RL = 10k, f =.1.0 kHz, AVo = 40.5 V) 
Equivalent Input Voltage Noise 
(Bandwidth =.100 Hz. to 10 KHz) 


ELECTRICAL CHARACTERISTICS — Parameter Matching liget =75 ‘fh, tests apply for parameter matching between any 
operational amplifier pair.) 


Input Bias Current 
tnput Offset Current ~ 
Gain Bandwidth Product 


*All tests refer toa Sirigle operational amplifier unless otherwise specified. 
1. Tests apply to four op-amps and bias network. 


TYPICAL CHARACTERISTIC CURVES 


‘FIGURE 1 — TOTAL SUPPLY CURRENT FIGURE. 2 — OUTPUT VOLTAGE SWING 
versus SET CURRENT versus LOAD RESISTANCE — 


I 
| | 


Z 
= 
4 


TOTAL SUPPLY CURRENT (uA) 


PEAK-TO-PEAK OUTPUT VOLTAGE SWING 


Ise, SET CURRENT (uA) RL, LOAD RESISTANCE (OHMS) 
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Mc4202C 


FIGURE 3 — INPUT Bias CURRENT : FIGURE 4 — TYPICAL FREQUENCY RESPONSES 
versus SET CURRENT FOR VARIOUS SET CURRENTS ISET 
100- 


cae PREETI at 2 


| 7 
LA 


SALARENEIN sec 204] | l 
HNN NTT 
seed |_TADNIN st dee ly 
CCTCTINIUSNAT 
Cea BNET SINT TICE 
CCITIECINSETNTNSICT TCT 
CE TTT EAT NINN TT TT 
[CIRCLES 


k 1.0 100 tk Wk 100k 1M 10M 100M 
iget, SET CURRENT (uA) f, FREQUENCY (Hz) 


1k 


60 


100 


40 


ae 


INPUT BIAS CURRENT (nA} 


20 


SMALL-SIGNAL OPEN LOOP VOLTAGE GAIN {dB) 


SC TNA TT 


FIGURE 5 — GAIN-BANDWIDTH PRODUCT, AyoL 
versus SET CURRENT 


OPEN-LOOP GAIN (V/mv) 


GAIN BANDWIDTH PRODUCT (MHz) 


Iget, SET CURRENT (A) 


APPLICATIONS INFORMATION 
The following approximate relations are useful for dgaigii 


Gain-Bandwidth Product * 50 lige) (kHz) 
Power Supply Current” © 30 (Igeq) (uA) 
Slew Rate = 20 (Iget) (V/ms) 
Where: Isoz is in vA, Iset = VEE - VBE 
RSet 
Vee = Diode Voltage © 0.65 Volts 


(Mi) MOTOROLA Semiconductor Products Inc. 
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~-MC4558 
MC4558C 


Advance Information 


DUAL WIDEBAND OPERATIONAL AMPLIFIER. . 


. DUAL 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC4558 and MC4558C combine all the outstanding features 
of the MC1458, and in addition, possesses several times the unity 
gain bandwidth of the industry standard. ° 


@ 2.5 MHz Unity Gain Bandwidth Guaranteed 


Internally Compensated. 


Short Circuit Protection G SUFFIX 


METAL PACKAGE 


Gain and Phase Match Between Amplifiers CASE 601 


Low Power Consumption 


Power Supply Voltage 


Input Differential Voltage 
Input Common Mode Voltage (Note 1} 


Output Short Circuit Duration (Note 2) 
' | Operating Ambient Temperature Range 


Storage Temperature R ange , 
Metal, Flat and Ceramic Packages ~ -65 to +150 
Plastic Packages ‘ ~55 to +425 


P71 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


Junction Temperature 
Metal and Ceramic Package 
Plastic Package 


Note 1. For supply voltages less than + 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 


Note 2. Supply voltage equal to or less than 15 V. 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


inverting 
Input ~o 


+0 
Non-Inverting 
input 


ORDERING INFORMATION 


Pe bed 
Range Package 


This is advance information and specifications are subject to change without notice. S ; P 
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MC4558, MC4558C : 


FREQUENCY CHARACTERISTICS (Vcc = 15 V, Veg =-15 V, Ta = 25°C) 


“nt mbol 


Unity Gain Bandwidth 
(Ay = 1) 


3 
< 


Input Offset Voltage 
(Rg < 10 kf) 


Input Offset Current 


Vio 


Q 
° 
ro) 
a 

> 


Input Bias Current 


= 
a) 


a 


Input Resistance 


ne) 
n 


Input Capacitance 


a 
< 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
(Vg = #10 V, Ry = 2.0 kQ) 


Output Resistance 
Common Mode Rejection Ratio Syah 70 
(Rg < 10 kQ) 
Supply Voltage Rejection Ratio 
(Rg <10 kQ) 
Output Voltage Swing 
(RL 2 10 kQ)} 
(RE =2.kQ) 


Output Short-Circuit Current 
Supply Currents (Both Amplifiers) 


Transient Response (Unity Gain) 
“(Vy = 20mV, RL = 2k, CL < 100 pF) Rise Time 
(V, = 20mV, RL.> 2k2, Ci < 100 pF) Overshoot 

(Vp=10V, RL > 2kN, CL <100 pF) Slew Rate 


> 
a 
rig 
i) 
Oo 
ro) 
nN ! ¢ 
r=) 
N 
Oo 
3 


70 
2) 
D 
D 
+ t+ 
N 2) ~ 


tTLH 


8 


n 
D3 
- 
& 
oO 


Input Offset Voltage 
(Rg < 10 k&2) 
Input Offset Current 

{Ta = 125°C) 
(Ta = -55°C) 
(Ta = 0°C to +70°C} 
Input Bias Current | 
(Ta = 125°C): 
(Tp = -55°C) - 
(Ta = 09°C to +70°C) 
Common Mode Input Voltage Range 


= 
fo) 


a 
° 


ioe] 
oa 


30 
300 


+12 
7 


VICR 

Common Mode Rejection Ratio CMRR 
(Rg < 10 kQ) " 

Supply Voltage Rejection Ratio - . PSRR 
(Rg <10kQ} 

Output Voltage Swing 
(Ry > 10 kQ) 

- (RE > 2 ka) 

Large Signal Voltage Gain 

(Vo = +10 V, RL = 2 kQ) 


wo 


N 
+ 1+ + 
ees uA 
on 9 a) 


< 
1?) 


Supply. Currents (Both Amplifiers) 
(Ta = 125°C) 
(Ta = -55°C) 
Power Consumption / 
(Ta = 125°C) 
(Ta = ~55°C) 


7 
j Qa 
+ [+ 
a lon 3 


*Thigh = 125°C for MC4558 and 70°C for MC4558C 
—Tlow = “55° C for MC4558 and 0°C for MC4558C 


@& MOTOROLA Semiconductor Products inc. : - 
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ORDERING INFORMATION 


, Device Temperature Range = Package ene } 
MC4741L ~—55°C: to +125°C Ceramic DIP oO MC47 41 
MC4741CL 0°C to +70°C Ceramic DIP as ae 
MC4741CP 0°C to +70°C Plastic DIP | MC4741C 

Specifications and Applications 
Information QUAD MC1741 


DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 


. SILICON MONOLITHIC 
QUAD MC1741 OPERATIONAL AMPLIFIERS . INTEGRATED CIRCUIT 


The MC4741 series is a true quad MC1741 Integrated on a single 
monolithic chip are four independent, low-power operational 
amplifiers which have been designed to provide operating char- 
acteristics identical to those of the industry standard MC1741; and 
can be applied with no change in circuit performance, 

The MC4741 can be used in applications where amplifier matching 
or high packing density is important. Other applications include L SUFFIX 

Shed ae ee as CERAMIC PACKAGE 
high impedance buffer amplifiers and active filter amplifiers. CASE 632 — 
* TO-116 


Each Amplifier is Functionally Equivalent to the MC1741 
Class AB Output Stage Eliminates Crossover Distortion 
True Differential Inputs 

: 1 (top view) 
Internally Frequency Compensated 
Short Circuit Protection 
Low Power Supply Current (0.6 mA/Amplifier) 

P SUFFIX 


PLASTIC PACKAGE 
CASE 646 


EQUIVALENT CIRCUIT SCHEMATIC : _ PIN CONNECTIONS 
(1/4 of Circuit Shown) 


INVERTING Vv 
INPUT ce 


Inputs 
2 
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MC4741, MC4741C | 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted). 


Vec 
VEE 
Y 


Operating Ambient Temperature Range 


Storage Temperature Range 
Ceramic Package ~65 to +150 
Plastic Package i? ~55 to +125 
Junction Temperature 
Ceramic Package 
Plastic Package. 


_ TYPICAL APPLICATION 


HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 


| @) MOTOROLA Semiconductor Products inc. 
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MC4741, MC4741C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = 25°C unless otherwise noted). 


Input Offset Voltage ; Vio 
(Rg <10 k) : : 
Input Offset Current 


Input Bias Current 
Input Hiss panes 


| 
Offset Voltage Adjustment Range ViOR 
Common Mode Input Voltage Range ; Vier | £12 


Large Signal Voitage Gain ; 
(Vg = £10 V, Ry 22.0 k) 


Output Resistance 


Common Mode Rejection Ratio 70 
(Rg S10 k) 


sara Voltage Rejection Ratio 
(Rg S10 k) 


Output Voltage Swing : 
(Ru 210 k) +12 £14 +12 414 
(RL 22 k) +10 £13 , +410 +13 


Output Short-Circuit Current Eas ie ere Ee a RG 
tS SS 


2 
w 


Transient Response (Unity Gain — Non-Inverting) 
(Vj = 20mvV,RL_ 22k, CL < 100 pF) Rise Time 
(Vy = 20 mV, RL = 2k, Cy <.100 pF) Overshoot 
(V;=10V, RL 22k, CL <100 pF) Slew Rate 


a eee 
El Oda Oe ld 
(Rg 10 kQ 


Input Offset Current 

(Ta = 125°C) 

(Tp = ~55°C) 

(Ta = 0°C to +70°C) 
Input Bias Current 

(Ta = 125°C) 

(Ta = -55°C) 

(Ta = 0°C to +70°C) 


Common Mode Input Voltage Range VICR SS 


Common Mode er ge 8. 5 Hal Ratio eee 
er ge 8. 5 Hal S10 k) 

Supply Voltage Rejection Ratio UVIV 
(Rg S10 k) - 


Output Voltage Swing 
(Ry 210 k) 
(Rt 22k) 
Large Signal Voltage Gain 
(Ry 22k, Vout = £10 V) 
Supply Currents ~ (At! Amplifiers} 
(Ta = 125°C) 
(Ta =--55°C) 
Power Consumption (Ta =+125°C) 
(All Amplifiers) (Ta = -55°C) 


"Thigh = 125°C for MC4741 and 70°C for MG4741C 
Tlow =-55°C for mca741 and 0°C for MC4741C 


& FAOTOROLA Semiconductor Products Inc. 
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MC4741, MC4741C 


TYPICAL CHARACTERISTICS : 
(Vcc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted). 


FIGURE 1 — POWER BANDWIDTH : ‘ 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


2 SS neil _ = 
| | +100 


ae 
[-5 
20 a 
us 20 = +80 
c- 
o 16 © +60 
> o 
= < 
& 12 5 +40 
2 = 
So. (VOLTAGE FOLLOWER) = 
S 80 THD <5% $ +20 
> < 
4.0 0 
0 -20 
10 100 . 10k 10k 100 k 1.0 10 100 1.0k 10k 100k 10M 10M 
f, FREQUENCY (Hz) : f, FREQUENCY (Hz) 
FIGURE 3 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 4 — NEGATIVE OUTPUT VOLTAGE SWING 


versus LOAD RESISTANCE ; versus LOAD RESISTANCE | 


16 T] Ct jan 

4 ais V SUPPLIES Ee a ees ee 

fs ce See ea ee BS RELA eee ee ee 
al LT eT £1 v suppcies | 
2! 1 ag le 4 | 
10 = aA cade 
= ‘9.0 < 
S 8.0 = 
& 7.0 re 
= 6.0 > 
= is ee 5 
é ese = 

gp lceas $s 
2.0 
10 10 
100-200 500 700 10k 20k 5.0k7.0k 10k 100 200 500 700 1.0k 20k 50k 7.0k 10k 


Ri, LOAD RESISTANCE (OHMS) : RL, LOAD RESISTANCE (OHMS) 


FIGURE 5 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 


+30 V Supply 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


Oo. 10 420 30 40 50 60 70 8.0 9.0 10 
Ri, LOAD RESISTANCE (kS) 


(AA) MOTOROLA Semiconductor Products inc. 
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Mc4741, MC4741¢ 


FIGURE 6 =BI-QUAD FILTER . 


R= 160 k22 ; (——® Notch Output 


C = 0.001 we 
R1= 1.6MQ 


R2= 1.6MS2 Where Tgp = Center Frequency Gain 
R3= 1.6M2 Tn = Passband Notch Gain 


; % FIGURE 8 — OPEN LOOP VOLTAGE GAIN 
FIGURE 7 — NON-INVERTING PULSE RESPONSE versus SUPPLY VOLTAGE 


5.0 V/DIV 


Ay, VOLTAGE GAIN (dB) 


10 us/DIV 0 
0 20 40 60 80 0 12 -14 
Vcc, IVEEI, SUPPLY VOLTAGES (VOLTS 


Su. 


FIGURE 9 — TRANSIENT RESPONSE TEST CIRCUIT 


To Scope 
(input) 


». 1o Scope 
(Output) 


(AA) MOTOROLA Semiconductor Products inc. 
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MC4741, MC4741C 


FIGURE 10 — ABSOLUTE VALUE DVM FRONT END 


MSD6150__ 


1M Common 


Mode Adjust = 


MC4741 Quad Op-Amp 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(rhax) -TA 


PITA) = Reya(typ) ~ 


Where: Pp(T,) = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 


' the sum of the products of the supply voltages and supply 


currents at the worst case operating condition. 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 
Raga(Typ) = Typical Thermal Resistance Junction to 


Ambient 


(M\) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


“Temperature 3 
Device — Alternate . Range Package ——= 
MLM101AG LM101AH —55°C to +126°C | Metal Can 
MEM101AU — ~ 55°C to +125°C Ceramic DIP M LM 101A 
MLM201AG —. —25°C to +85°C Metal Can 
MLM201AP1 — '  —25°C to +85°C Plastic DIP M LM2 0 1 A 
MLM201AU — —25°C to +85°C Ceramic DIP | 
MLM301AG LM301AH 0°C to +70°C Metal Can M LM 3 0 1 A 
MLM301AP1 © LM301AN 0°C to +70°C : Plastic DIP 
MLM301AU — 0°C to +70°C Ceramic DIP’ 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


OPERATIONAL AMPLIFIER 


A general purpose operational amplifier that allows the user to 
choose the compensation capacitor best ‘suited to his needs. With 
proper compensation summing amplifier slew rates to ae V/us can 
be obtained. 


P1 SUFFIX U SUFFIX : 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE .693 


| (MLM201A and MLM301A) 


@ Low tnput Offset Current — 20 nA maximum Over Temperature 
Range 


@ €xternal Frequency Compensation for Flexibility 


Class AB Output Provides Excellent Linearity 


Output Short-Circuit Protection 


Guaranteed Drift Characteristics Balance |1| | 8] Compensation 
7]V 
Inputs Oe 2 ee 
3 | 16} Output 
FIGURE 1 — STANDARD COMPENSATING VEE a re] Balance 
AND OFFSET BALANCING CIRCUIT 
VEE 
? GSUFFIX 
_ INVERTING METAL PACKAGE 


INPUT CASE 601 


© OUTPUT 
BALANCE 


Compensation 


NON-INVERTING | 
INPUT 


BALANCE 


10 MQ 


FIGURE 2 — DOUBLE-ENDED LIMIT 
DETECTOR 


wweuTs 


Vo = 4.8 V for 

ViT< Vi <VuT 
OVEE Vo=-04V 

Vy) <VLTor Vi > VuT 


PINS NOT SHOWN ARE NOT CONNECTED 
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MLM101A, MLM201A, MLM301A 


MAXIMUM RATINGS 


—— 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above Ta = +75°C 
Plastic Dual In-Line Package (MLM201A/ 
Derate above Ta = +25°C 301A) 


* Ceramic Package 
Derate above 25°C 


Operating Ambient Temperature Range 55 to +125 -25 to a6 ea 
» Storage Temperature Range ——— 65 to +150 ————_——_—_—______» Pee 


Note 1. ‘For supply voltages less than + 15 V, the absolute maximum input voltage is equal to the supply voltage. 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted.) Unless otherwise specified, these specifications apply for 
supply voltages from +5.0 V to +20 V for the MLM101A and MLM201A, and from +5.0 V to 
+15 V for the MLM301A. 


Characteristics 


a mA 
[i erases bees eae ea 
np 


Supply Current Icc. lee 
Large Signal Voltage Gain « VimvV 
Vec/VEE £15 V, Vo = + 10 V, RL > 2.0 kX) 25 


Vec/Vee = 215 V 
The following specifications apply over the operating temperature range. 


Average Temperature Coefficient of A Vio/AT 
’ Input Offset Voltage VIC 
Alig/AT nAlC 
0.01 0.1 0.01 
0 — 0.2 . 0.02 


Talmin) < Ta <Talmax) - 


Average Temperature Coefficient of 
Input Offset Current. 

+25°C < Ta <Talmax) 
Ta(min)S Tax 25°C 


Input Bias Current 


Large Signal Voltage Gain 
Vec/VEE= +415 V, Vo =+t10V, RL > 2.0k2 
Input Voltage Range 
Voc/Vere = £20V 
Vec/Vee = 2168 V 
Common-Mode Rejection Ratio 
Rg<50 kQ ; 
Supply Voltage Rejection Ratio 
Rg<50 k2 
Output Voltage Swing 
Vec/Vee = F158 V, Ry = 10 k2 
Ri =2.0k2 


Supply Currents (Ta = Ta(max), 'cc. EE 
Vcc/Vee = +20 V) 


(AA) MOTOROLA Semiconductor Products Inc. 


x 
‘ 
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MLM101A, MLM201A, MLM301A 


TYPICAL CHARACTERISTICS 
(Voc = +15 V, Veg =-15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — MINIMUM INPUT VOLTAGE RANGE FIGURE 5 — MINIMUM OUTPUT VOLTAGE SWING 


16 APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATUR 
RANGES 


POSITIVE 


MINIMUM 
RL= 10k 


8.0 


4.0 


Vip, INPUT VOLTAGE RANGE (VOLTS) 


Vor, OUTPUT VOLTAGE RANGE (VOLTS) 


0 5.0 10 15 20 
Vcc and (-Vee), SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — MINIMUM VOLTAGE GAIN 


APPLICABLE TO THE SPECIFI z 
_ OPERATING TEMPERATURE i 
a RANGES = 
ae Ww 
z e 
@ 7 
br > 
2 Pl 
= & 
2 > 
oO n 
> wi 
> a 
= 3 
2 
0 5.0 10 15 20 0 5.0 0 15 20 
Vcc AND -Veg, SUPPLY VOLTAGES (VOLTS) Vcc AND (-VeE) SUPPLY VOLTAGE (VOLTS) 
FIGURE 8 — OPEN-LOOP FREQUENCY RESPONSE ; FIGURE 9 — LARGE-SIGNAL FREQUENCY RESPONSE 
+180 , 
+160 NGLE-POLE COMPENSATI 
TS le GS a ash 
+140 


Ay, VOLTAGE GAIN (dB) 
é : 


Vor, QUTPUT VOLTAGE RANGE (VOLTS) 


1.0 10 100 -1.0k 10k 100k 10M 10M 
; f, FREQUENCY (Hz) 1, FREQUENCY (Hz) 


| (AA) MOTOROLA Semiconductor Products ack 
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MLM101A, MLM201A, MLM301A 


; TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 10 — VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 11 — OPEN-LOOP FREQUENCY RESPONSE 


T 
FEEDFORWARD COMPENSATION 
——_+—____— 


Ay, VOLTAGE GAIN (dB) 
+ 
3 


VIR, Vor, VOLTAGE RANGE (:VOLTS) 


: 10 100 1.0k 10k 100k 10M 10M 100M 
t, TIME (us) f, FREQUENCY (Hz) 


FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE ; FIGURE 13 — INVERTER PULSE RESPONSE 
+18 : 


Vor, OUTPUT VOLTAGE RANGE (+VOLTS) 
I 
Vor, OUTPUT VOLTAGE RANGE (+VOLTS) 
‘ ‘ 1 ' 


f, FREQUENCY (Hz) t, TIME (us) ' 


TYPICAL COMPENSATION CIRCUITS 
FIGURE 14 ~ SINGLE-POLE COMPENSATION ; FIGURE 15 — FEEDFORWARD COMPENSATION 


¢2= ——— 
anfoR2 
"Cs = 30 pF + fo = 3.0 MHz 


(AA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION. 


; Temperature ; 
Device Alternate Range _ Package 
MLM107G - —_— —55°C to +125°C Metal Can 
MLM107U _ ~55°C to +125°C + . Ceramic DIP 
MLM207G _ "25°C to +85°C Metal Can — 
MLM207U _ ~25°C to +85°C = Ceramic DIP © 
MLM307G = 0°C to +70°C . Metal Can.’ 
MLM307P1 | LM307N 0°c to +70°C Plastic DIP 
MLM307U — 0°C to +70°C Ceramic DIP 


INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 


A general purpose operational amplifier series well suited for 
‘applications requiring lower input currents than -are available with 
tne popular MC1741. These improved input characteristics permit 
greater accuracy in sample and hold circuits and long interval 
integrators. 


®@ Internally Compensated 

@ Low Offset Voltage: 2.0 mV max (MLM107) 

@ Low Input Offset Current: 10 nA max (MLM107) 
® Low Input Bias Current: 75 nA max (MLM107) 


TYPICAL APPLICATION - 
HIGH IMPEDANCE BRIDGE AMPLIFIER 


Vo=-10Vin 


NULL. 
ADJUST 


Pins not shown ate not connected, 


al 


~ MLM107 
~ _MLM207 


MLM307 


OPERATIONAL AMPLIFIER 
INTEGRATED CIRCUIT 


EPITAXIAL PASSIVATED 


G SUFFIX 
METAL PACKAGE 
CASE 601-02 


(Top View) 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1741SC Only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693: 


LJOF FSET NULL 


(Top View) 


Pins 1, 5, and & 
no connection. 


MLM107, MLM207, MLM307__ 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


mim107 | mim207_ | MLM307 


Power Supply Voltagés Vcc +22 +22 . Vdc 
; 18 


Differential Input Signal Voltage 


Common-Mode Input Swing (Note 1) 


Output Short-Circuit Duration 
Power Dissipation (Package Limitation) (Note 2) 
Operating Temperature Range 


Storage Temperature Range ~ 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted, see Note 3.) 


MLM107 
MLM207 ’ MLM307 
Typ q 


Characteristics 


TA = Tlow to Thigh 
Input Bias Current 
Ta = +25°C 

TA = Tow t0 Thig 


Input Offset Voltage - Viol 
Rg $10k2, Ta = +25°C 0.7 2.0 
Rg £10k, Ta = Tigw to Thigh ; - 3.0 
Re< 50k, Ta = +25°C 
Rg S50 kQ, Ta = Tigw-to Thigh 

Input Offset Current 
Ta = +25°C 1.5 10 

- 20 
p= fe | 


Supply Current 
Vs = +20 V, Ta = +25°C 
Vs = +20 V, Ta = Thigh 
Vs = +15'V, Ta = +25°C 


Large-Signal Voltage Gain ; 
Vg = £15 V, Vg = £10 V, RL > 2.0 k, Ty = +25°C 
Ve = +15 V, Vo = +10 V, Ry > 2.0k2, Ta = Tlow 


Average.Temperature Coefficient of Input Offset Voltage. Tey 6] 
Now $ TAS Thigh 


Average Temperature Coefficient of Input Offset Current 
+25°CS Ta SThigh. 
Tlow <TA S+25°C 
Output. Voltage Swing (TA = Tiow to Thigh) 
Vs = £15 V,REL=10k2 
RL = 2.0k2 
Input Voltage Range (T a = Ttow to Thigh) 
Vs = +20.V 
Vg = £15 V 


Common-Mode Rejection Ratio (Ta = Tow to Thigh) ; 
Rg <50k2 


Supply-Voltage Rejection Ratio (Ta= Tipy to Thigh) 
_ Rg $50 k2 : : 


Note 1. For supply voltages less than +1 5 V, the absolute maxi- 


mum input voltage is equal to the supply voltage. Note. 3. Unless otherwise noted, these specifications apply for: 
Note 2. For operating at elevated temperatures, the device must 23 _ Tlow Thigh 
: be derated based on a maximum junction temperature of + ’ - ; oO 
: - 45.0 VS Vs £420 V, -55°C ST +125°C, MLM107 
+150°C for the MLM107, and 100°C for the MLM207 s % AS S 
and MLM307. The TO-99 package is derated based on | 45.0 VSVg S420 V, -25°C<Ta S +85°C, MLM207 
a thermal resistance of +150°C/W, junction to ambient, ‘ 46.0 VE Vg <t15V, O°CST,A < +70°C, MLM307> 


or +45°C/W, junction to case. 


: (AK) ‘MOTOROLA Semiconductor Products Inc. 
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MLM107, MLM207, MLM307 


Ay, VOLTAGE GAIN (dB) 


Vin R. INPUT VOLTAGE RANGE (VOLTS) 


Ay, VOLTAGE GAIN (dB) 


TYPICAL CHARACTERISTICS 
(Voc = +15 V, Vee =-15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — MINIMUM INPUT VOLTAGE RANGE 
20 


Applies over specified 
Operating Temperature 
Range 


' FIGURE 3 — MINIMUM VOLTAGE GAIN ~ 


La Applies over specified | | &§ oF 


Operating Temperature 


+ + 
=. 3% 
a @ 
o a 


+140 = 
+120 
|| 
+100 -——> 
— 
60 
i al eg 
== 
: |_| 
ne ee ee 
1.0 10 100 1.0k 10k 100k  1.0M hM- 


f, FREQUENCY (Hz) 


(AA) MOTOROLA Semiconductor Products Inc. 


Applies over specified 
Operating Temperature 


Zoe 


| | 


Vo, GUTPUT VOLTAGE SWING (+ VOLTS) 


Icc AND.feg, SUPPLY CURRENTS (mA) 


0 5.0 16 15 20 
Vcc AND (-VgE), SUPPLY VOLTAGES (VOLTS) 


‘FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE 


f, FREQUENCY (Hz) 
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MLM107, MLM207, MLM307 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — VOLTAGE FOLLOWER PULSE RESPONSE 


sd 
(SLT 


-_o oo f N N ¢ © oo 
+ ‘ t 


+ + 


OA) NIMS FDVLIOA LNdLNO ‘OA 


t, TIME (us) 
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MOTOROLA Semiconductor Products Inc. 


INVERTING 
INPUT 


PRECISION OPERATIONAL AMPLIFIERS 


. The MLM108/MLM208/MLM308. Series operational! amplifiers 
provide high input impedance, low input offsets and temperature 
drifts, and low noise. These characteristics are made possible by use 
of a special Super Beta processing technology. This series of ampli- 

- fiers is particularly useful for applications where high-accuracy and 
low-drift performance are essential. In addition high-speed perfor- 
mance may be improved by employing feed-forward compensation 
techniques to maximumize slew rate without compromising other 
performance criteria. 

The MLM108A/MLM208A/MLM308A Series offers extremely 
low input offset voltage and drift specifications allowing usage in 
even the most critical applications without external. offset nulling. 


Operation From a Wide Range of Power Supply Voltages 
Low. input Bias and Offset Currents 


Low Input Offset Voltage and Guaranteed Offset Voltage Drift 
Performance 


High Input Impedance 
Laser Trimmed and lon Implanted 
FREQUENCY COMPENSATION 


MODIFIED COMPENSATION 


INVERTING 
INPUT 


INVERTING © RT 
NON: OUTPUT INPUT 


roe NON- R3 


INVERTING 


COMPEN 
INPUT B 


100 aa hy 


OUTPUT 


MLM108, MLM108A 
MLM208, MLM208A 
MLM308, MLM308A 


LASER TRIMMED 
. SUPER GAIN 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


F SUFFIX 
CERAMIC PACKAGE 
CASE 606-04 


COMPEN B 

Vec 

OUTPUT 
*GuaRD 5-C] Vee 


(Top View) 


G SUFFIX COMPEN 
METAL PACKAGE 


CASE 601 


L SUFFIX 
CERAMIC PACKAGE 
: CASE 632-02 
TO-116 


NC 
COMPENA 


STANDARD FEEDFORWARD 


_ COMPENSATION 


~ 


STANDARD 


OFFSET VOLTAGE 


SPECIFICATION 
TIGHTENED 


FEEDFORWARD COMPENSATION FOR 
DECOUPLING LOAD CAPACITANCE 


* Rg > 10k 100k 


CL 
75 pF 
to 0.01 BE 
=. COMPEN A = = 
5 x 10° 


*c2> F 
c2> Ra? 


DEVICE SELECTION TABLE 


OPERATING TEMPERATURE RANGE 


-55 to +125°C | -25 to +85°C 


‘MLM108 
Pkg. Suffix 
F,Gork 


“MLM108A 


OFFSET VOLTAGE 
SPECIFICATION 


Pkg. Suffix 
°F,Gort 


0 to +70°C: 


MLM308 
Pkg. Suffix 
F,G,LorP1 


MLM308A 
Pkg. Suffix 
F,Gort 


MLM208 
Pkg. Suffix 
, F,GorL 


MLM208A 
Pkg. Suffix 
F,Gortk 
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*GUARD — 
INPUTS 


*GUARD 
Vee 


P1 SUFFIX 


(Top View) 


PLASTIC PACKAGE. 


_ CASE 626 
(MLM308 Only) 


COMPEN 
A 


INPUTS 


1 
2 
3 
4 


Vee 


U SUFFIX 


(Top View) 


CERAMIC PACKAGE 


CASE 693 


COMPEN B 
Vee 
OUTPUT. 
NC 

NC 


COMPEN 
B 


Vec 


*Unused pin (no internal connection) to 
allow for input anti-leakage guard ring on 
printed circuit board layout. 


MLM108, A; MLM208, A: MLM308, A 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


VALUE : 
Power Supply Voltage Voc, VEE 


| Input Differential Current (See Note 2) | ip 
Operating Ambient Temperature Range 
| Tsta_ | 


Storage Temperature Range Tstg —S 


Junction Temperature 


Metal, Ceramic Package 
Plastic Package 
Note 1. For supply voltages fess than +15 V, the maximum input voltage is equal to the supply voltage. 
Note 2. The inputs are shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1.0 V is applied between the inputs unless some limiting resistance is used. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these ‘specifications apply for supply voltages of +5.0 V <Vcec S +20 V 
and -5.0 VV >Veg 2-20 V, Ta = +25°C.) 


: ’"  MLM108A 
‘ MLM208A 
Characteristic... ‘| Symbol 


Input Offset Voltage ; Vio 
rj 


I+ 
= | 
I 


Input Bias Current ety 
Input Resistance _ 


Power Supply Currents . loc lee 
Vcc = +20 V, Veg = -20.V : 
Large Signal Voltage Gain AVOL 


-Vec = |Veg| = +15 V, Vo =410V, Ry > 10k2 


The following specifications apply over the operating temperature range. 


Input Offset Voltage 
Input Offset Current ime 


=a 
zs 
Average Temperature Coefficient of SVi9/AT 
Input Offset Voitage ; 
Tal(min) <T a <T (max) 
Input Offset Current ; 
Zam 


ola 
cy |< 
° 
iS) 


Input Offset Current Ls ligo | 


w& 
fo) 


30 


7 
eee 


wo 
Cc 


| tnput Bias Current | lip | 


AVOE 


N 
or 


Large Signal Voitage Gain - 
Voc = |VeE|=t15 V, Vo = 410 V, Ry = 10kQ 


Input Voltage Range ; VIR +13.5 
Vec = |Vee|=+15 V : 
Vor | 


§ ed 
w 


Common-Mode Rejection Ratio CMRR 110 
Power Supply Voltage Rejection Ratio - / | 100 | 
+14 


Output Voltage Range ; 
Vec = |VeeE|=+15 V, RL = 10k2 
Supply Current (Ta = Ta [max] ) IcclEE 


& MOTOROLA Semiconductor Products Ine. 
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MLM108, A; MLM208, A; MLM308, A 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted these specifications apply for supply voltages of +5.0 V <Vcb <+15 V 
and -5.0 V > Veg >-15 V, Ta = +25°C.) : 


ee ee ae Fe 
Tinput Offset Current ———SSSSCSs~S~SC~sS tg) 
Pinpue Bias Current SSCS ig 
FS 
Voc = +15 V, Veg =-15 V 


Large Signa! Voltage Gain 
Voc =+15.V, Veg =-15 V, Vo = £10 V, 


MLM308A 


; 
| 


Input Offset Voltage , za 
Input Offset Current : | ee | 
Average Temperature Coefficient of 
Input Offset Voltage ~* 


Talmin) <Ta ST a (max) 


Input Bias Current 
Large Signal Voltage Gain 
Voc = +15 V, Veg =-15 V, Vo = +10 V, 
R L 210k2 
Input Voltage Range 
Vec = +15 V, Veg =-15 V 


Output Voltage Range 
Voc = +15 V, Veg =-15 V, RL = 10k2 


REPRESENTATIVE CIRCUIT SCHEMATIC 
COMPENSATION A COMPENSATION B 


(SY MOTOROLA Semiconductor Products inc. - 
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7] 


MLM108, A; MLM208, A; MLM308, A 


TYPICAL CHARACTERISTICS 


FIGURE 1 — INPUT BIAS AND INPUT OFFSET CURRENTS 


2.0 0.25 rs 
P 
18 = 
< @G 
Zz 16 020s < 
£ - 
= eS 
514 a $s 

La ec 
we 1.2 5S 
s ‘ fac} id 
@ 1.0 Go OS 
< , 2 t 
- 0.8 wo 2 
: ae 
= te a f 5 
204 ———— 0. : ar 
; ‘MLM108A,MLM108 = 2s 
02 MLM208A,MLM208 _ 5 
ho al & 

0 0 
-60 40. -20 0 +20 +40 +60 +80 +100 +120 +140 


T, TEMPERATURE (°C) 


FIGURE 3 — VOLTAGE GAIN versus SUPPLY VO LTAG ES 


ileEl, SUPPLY CURRENTS (uA) 


Ay, VOLTAGE GAIN (dB) 


lec 


Vec = Veg, SUPPLY VOLTAGES (VOLTS) 


FIGURE 5 ~ OPEN-LOOP FREQUENCY RESPONSE 


aa 


_ AVOL. VOLTAGE GAIN (dB) - 


Vor, GUTPUT VOLTAGE RANGE (+Vp-p) 


100 


1.0 k 
f, FREQUENCY (Hz) 


10k 100k. 1.0M. 


Se, ue 3-457 


FIGURE 2 — MAXIMUM EQUIVALENT INPUT OFFSET 
- VOLTAGE ERROR versus INPUT RESISTANCE 


100 


NNT 


ACA 
CONTE 


= 
LM108, MLM208 


208A 


MLM108A, MLM 


1.0M 
rj, INPUT RESISTANCE (OHMS) 


FIGURE 4 — POWER SUPPLY CURRENTS versus POWER 
SUPPLY VOLTAGE. 


+70°C 
“T+1250C 


| 
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FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE 


® MOTOROLA Semiconductor Products inc. 


MLM108, A; MLM208, A; MLM308, A 


SUGGESTED DESIGN APPLICATIONS 


FIGURE 7 — FAST (1) SUMMING AMPLIFIER WITH LOW © . as 
INPUT CURRENT Z FIGURE 8 — SAMPLE AND HOLD 


0.002 uF 7 


MLM108,A Qi 
Series ‘ 
SAMPLE 
, OUTPUT \ 


MtLM101A (3) 
or equiv 


TOuE OE 


(1) Power Bandwidth: (3)!n addition to increasing speed, 
250 kHz the MLM101A raises high and 
Smal! Signal Bandwidth: low frrequency - gain, increases 
3.5 MHz output drive capability and elim- 
Slew Rate: 10 V/ys inates thermal feedback. 
6 x 10°8 
R1 


(1) Teflon, Polyethylene or Polycarbonate 
Dielectric Capacitor 


(2) 05 = 


INPUT GUARDING , FIGURE 9 — SUGGESTED PRINTED CIRCUIT BOARD 
' Special care must be taken in the satay of printed circuit LAYOUT for INPUT GUARDING USING METAL 
boards to take full advantage of the low input currents of the PACKAGED DEVICE 


MLM108,A amplifier series. Boards must be thoroughly cleaned 
with TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or silicone 
rubber to prevent contamination. 


COMPENSATION A 
Even with properly cleaned and coated boards, leakage currents 7f 


COMPENSATION 8 


may cause trouble at +125°C, particularly since the input pins are 
adjacent to pins that are at supply potentials. This leakage can be OUTPUT 
significantly reduced by using guarding to lower the voltage dif- 

ference between the inputs and adjacent meta! runs. Input guarding 

of the 8-lead TO-99 type package is accomplished by using a 10 

tead pin circle, with the leads of the device formed so that the 

holes adjacent to the inputs are empty when it is inserted in the 

boards. The guard, which is a conductive ring surrounding the in- 

puts, is connected to-a low-impedance point that is at approxi- 

mately the same voltage as the inputs. Leakage currents fram high- | 
‘voltage pins are then absorbed by the guard. 

The pin configuration of the duat in-line package is designed 
to facilitate guarding, since the pins adjacent to the inputs are not 
used (this is different from the standard MC1741 and MLM101A (BOTTOM VIEW) 
pin configuration). 


FIGURE 10 — CONNECTION OF INPUT GUARDS 


INVERTING AMPLIFIER , FOLLOWER NON-NVERTING AMPLIFIER 


R1 


OUTPUT 
OUTPUT 


‘ : 1R2 
(1) Used to compensate for large source resistances. : : —-———— must be an impedance. 


@) MOTOROLA Semiconductor Products Inc. 


3-158 


ORDERING INFORMATION 


Device Temperature Range Package 
- MLM110G —55°C to +125°C . Metal Can 
MLM110U 55°C to +125°C —- Ceramic DIP MLM1 10 
MLM210G ~25°C to +85°C Metal Can 
MLM210U 25°C to +85°C —- Ceramic DIP Mi LM 21 0 
MLM310G 0°c to +70°C Meta! Can f 
MLM310P1 | 0°C to +70°C Plastic DIP a LM 31 0 
MLM310U 0°C to +70°C Ceramic DIP 


OPERATIONAL AMPLIFIER 
’ VOLTAGE FOLLOWER 
THE MLM110, MLM210, and MLM310 are functionally, 


electrically, and pin-for-pin equivalent to the LM110, LM210, 
and LM310 respectively. : 


OPERATIONAL AMPLIFIER 
VOLTAGE FOLLOWER 


INTEGRATED CIRCUIT 


Input Bias Current: 10 nA maximum over Temperature Range 
Small-Signal Bandwidth: 20 MHz typical 
Slew Rate: 30 Volts/ys typical 


Supply Voltage Range: + 5.0 V tot 18V 


G SUFFIX 
METAL PACKAGE Balance 
CASE 601 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


U SUFFIX t 
CERAMIC PACKAGE 
CASE 693 


TYPICAL APPLICATIONS 


FIGURE 1 — OFFSET BALANCING CIRCUIT : FIGURE 2 — DIFFERENTIAL INPUT INSTRUMENTATION ~ 
‘ AMPLIFIER 


1k 01% 
R2 


QUTPUT 
Pins 1.5 and 8 no connection. 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorota Inc. or others. 
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MLM 110, MLM210, MLM310 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Symbot_| memiio | mumzio | mumat0 | unit_| 


Power Supply Vole: Vecimax)| - +18 +18 +18 Vde 
—— -18 -18 -18 


Input Voltage (Note 1) 


Output Short Circuit Duration (Note 2) 


Operating Temperature Range 


Storage Temperature Range 


Lead Temperature . j : 
(soldering, t= 10s) - . 


Junction Temperature 
Ceramic, Metal Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS (See Note 4) 


Characteristic 


Input Offset Voltage 
Ta = +25°C 

TA = Tlow® tO Thigh** 
Input Bias Current 
Ta = +25°C 
Tas Tow to Thigh 


Input Capacitance 


Large-Signal Voltage Gain 
(Vg = + 15 V, Vo = #10 V) 


Ta = +25°C, RL = 8.0 k ohms 
Ta = Tlow to Thigh, RL = 10k ohms 


Output Resistance 
Ta = +25°C 


Small-Signal Bandwidth 


Offset Voltage Temperature Drift 
-55°C < Tp <+85°C 
Ta = +125°C 
Cc <Ta<+70°C 
Output Voltage Swing 
Vs = + 18°V, RL = 10k ohms 
Supply Voltage Rejection Ratio 
+ 5/0 V<Vg<t 18V 


*Tiow = -58°C for MLM110 ; “Thigh 
= -25°C for MLM210 
= Q°C for MLM310 


= +125°C for MLM110. 
= +85°C for MLM210 
= +70°C for MLM310 


“Note 1. For supply voltages less than + 15 volts, the absolute Nate 3. The maximum junction temperature of the MLM110 is -. 
maximum input voltage is equal to the supply voltage. +150°C, for the MLM210 — +100°C, and for the 
7 are ee ee aa MLM310 — +85°C. For operating at elevated tempera: 
Note 2. . continuous short-circuit duration capability is specified ; tures, the package must be oeraua based. on a heraal 
: ‘or MLM110 and MLM210 as follows: case tempera- ; £ 150°C/W' — junction t bient, or 45°C — 
tures. up to +125°C and ambient temperatures up to resistence:2 SEHR Ee amen tor 
+70°C; for the MLM310 up to +70°C case temperature and - junction to. case. 
+55°C ambient temperature apply. A resistor (greater than Note 4, All listed specifications apply for + 5O0VGVgcLiBV 
2.0 kilohms) must-be inserted in series with the input when and Ta = +25°C unless otherwise noted. 


the amplifier is. driven from a low impedance source, thus 


n 
preventing damage when the output is shorted. Note 5. Increased output swing under load can be obtained by 


connecting an external resistor between ane booster and 
Vee terminals (pins 4 and 5). 
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ORDERING INFORMATION 


Temperature © : 
Device Alternate Range Package 
MLM124L LM124D —55°C to +125°C = Ceramic DIP M L M 12 4 
MLM224L —_ -25°C to +85°C — Ceramic DIP M LM 2 y] 4 
MLM224P — —25°C to +85°C Plastic DIP 
MLM324L ‘LM324D 0°C to +70°C Ceramic DIP M L M 32 4 | 


MLM324P _ LM3824N 0°C to +70°C Plastic DIP 


Specifications and Applications 


Information QUAD DIFFERENTIAL 
INPUT : 
OPERATIONAL AMPLIFIERS 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 
. SILICON MONOLITHIC 


The MLM 124 Series are low-cost, quad operational amplifiers with INTEGRATED CIRCUIT 


true differential: inputs. These have several distinct advantages over 
standard operational amplifier types ‘in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 


or as high as 30 Volts with quiescent currents about one fifth of 

those associated with the MC1741 (on a per amplifier basis). The , 

common mode input range. includes the negative supply, thereby. 

‘eliminating the necessity for external biasing components .in many i SURERR 


applications. The output voltage range also includes the negative CERAMIC PACKAGE 
power supply voltage. CASE 632 
TO-116 


Short Circuit Protected Outputs 
True Differential Input Stage , 4 

Single Supply Operation: 3.0 to 30 Volts 

Low Input Bias Currents: 250 nA Max . 

Four Amplifiers Per Package . 7 top vied) 
Internally Compensated , 


Common Mode Range Extends to Negative Supply 
’ : \ P SUFFIX | | : : | | 
: PLASTIC PACKAGE _ 


CASE 646 


MAXIMUM RATINGS , , (MLM224 and 
MLM324 only) 


Power Supply Voltages 
Single Supply 


Split Supplies PIN CONNECTIONS 


Input Forward Current 
(V, < -0.3 V) 
Package Power Dissipation 
Plastic Dual-In-Line Package 
Derate above Ta = 25°C 
Ceramic Dual-in-Line Package 
Derate above Ta = 25°C 
Storage Temperature Range 
Ceramic Package 
Plastic Package ; ; 
Operating Ambient Temperature Range ; 
MLM124 ; -55 to +125 
MLM224 -25 to +85 
MLM324 : - Oto +70 


(1) Split Power Supplies. 
(2) For Supply Voltages less than 32 V, the absolute maximum input voltage is equal to 
the supply voltage. ; 


MLM124, MLM224, MLM324 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Th = 25°C unless otherwise noted.) 


Characteristic 


Large Signal Open-Loop Voltage Gain 
Vo =#10V, RL = 2.0k2, Voc = 15 V, 
Ta = Thigh tO Tow 
Input Bias Current 
Ta.= Thigh t° Tiow 
Common-Mode Rejection Ratio 
Rs < 10kQ 
Power Supply Current (Vg = 0) 
RL =, Ta = Thigh to Tow 
‘Power Supply Rejection Ratio 


Average Temperature Coefficient of Input Offset Voltage 
- Ta = Thigh to Tow . 
Input Common-Mode Voltage Range 

Vcc = 30V ; 

Voc = 30V, Ta = Thigh to Tiow 
Amplifier-to-Amplifier Coupling 

1.0 kHz < f < 20 kHz, Input Referenced 
Differential Input Voltage Range 
Output Voltage Range 


Output Voltage — High Limit ; 
Voc = 30 V, Ry = 2 k2, Ta = Thigh to Tiow 
Voc = 30V, Ry = 10k2, Tp = Thig 

Output Voltage — Low Limit 

> Veco = 5.0V, RL = 10k, Ta =Thig 

Output Source Current 
Vip =+1.0V, Voc= 15 V 
Vip = +1.0V, Veco = 15 V,Ta =Thigh to Tiow 

Output Sink Current - 

Vip =-1.0V, Voc = 15 V 
Vip =-1.0V, Voc = 15 V, Ta = Thigh to Tiow 
Vip =-1.0 V, Vo = 200 mv j 


(1) Thigh = 125°C for MLM124, 70°C for MLM324, 85°C for MLM224. — 
Tiow = -55°C for MLM124, 0°C for MLM324, -25°C for MLM224. 


SINGLE SUPPLY ; SPLIT SUPPLIES 


3.0 V to 30 V 
Vecg 


=15Vto 16V 


= 1.5 V to 16 V 


(AA) MOTOROLA Semiconductor Products Inc.. 
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MLM124, MLM224, MLM324 


Bias Circuitry 
Common to Four 
Amplifiers 


REPRESENTATIVE CIRCUIT SCHEMATIC 


(1/4 Shown) 


Inputs 


a2 a5 a 
a - 
oes i 


O Veg (Gnd) 


Q18 with input buffer transistors Q21 and Q17 and 
the differential to. single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance. reduction is accomplished by splitting the col- 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier. good temperature characteristics as well as 
excellent power supply rejection. 


LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 


19}Vade 
SHS 


1 V/Div. 


5.0 us/Div. 


CIRCUIT DESCRIPTION 


The MLM124 Series is made using four internally com- 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 


(AA) MOTOROLA Semiconductor Products fie: 
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/MLM124, MLM224, MLM324_ 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE 


ad 


+V|, INPUT VOLTAGE (VOLTS) 


I+ 1+ t+ 7 + + I 
= 


= 


240 +60 +80 +10 +12 +14 +16 +18 +20 
Voc/VEE, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE 


TNE 
| CL Cth Ih 
| , 00 


1000 
f, FREQUENCY (kHz) 


Vor, OUTPUT VOLTAGE RANGE (Vp.p) 


FIGURE 5 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 


tcc, POWER SUPPLY CURRENT (mA) 


Vcc, POWER SUPPLY VOLTAGE (VOLTS) 


‘FIGURE 2 — OPEN-LOOP FREQUENCY 


Ta = 25°C 


LUT TUT TILT UT teste 
IPAM CIC ee 
ch ETT 


Avo, LARGE-SIGNAL 
OPEN-LOOP VOLTAGE GAIN (dB) 


1.0 100 1.0k 10k 100 k 1.0M 
: f, FREQUENCY (Hz) 


FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 
(Non-Inverting) 


VG = 30 V 


Vg, OUTPUT VOLTAGE (mv) 


0 10 20 30 40 50 60 70 8.0 
t, TIME (us) 


lg, INPUT BIAS CURRENT (nA) 


0 2.0 4.0 6.0 8 10 12 14 16 18 = 20 
Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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MLM124, MLM224, MLM324 


i 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE 


Vec 


10k 
R2 


10k 
R1 


Vinu = a (V 
Inu" Rte AZ Ob 


R1 
= Vin" ay Aa (YOH 

@g = C (1 +a + b) (e2 - e1) R1 
HS 4 Aa (VOH 


, FIGURE 11 — BI-QUAD FILTER 


100 k 


For 
Vref : 


Bandpass Vref 


Output 


c1 


R2 
O : 7 
O 
~e 


FIGURE 8 — WEIN BRIDGE OSCILLATOR 


. Hysteresis 
VOH bead 
| 
Vo 
VOL Vinu ! Vink 
Vref 
— Vref) + Vref 


— Veet) + Vref 


— Vor) 


Notch Output R= 160 k2 


C = 0.001 uF 
; : R1= 1.6MQ 
Vret Where Tgp = Center Frequency Gain R2=1.6MQ 
TN = Passband Notch Gain R3= 1.6MQ 
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‘ 


MLM124, MLM224, MLM324 


FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


Square Wave 
Output 


FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


R1 


1 
= Vref Vret = 5 Vec 


Given fo = Center Frequency 
A(fg) = Gain at Center Frequency 


Choose Value fg, C 


Then: 
_ a 
Re te 
_ R83 
RITA) 
R1R5 
R2=402A1— RS 


For less than 10% error from op amp 


Q9 fo 
Bw 


<0.1 Where fg and BW are expressed’ in Hz. 


If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameters. : 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications: consequently, assumed for inaccuracies. Furthermore, such information does not 


complete tnformation sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked. and license under the patent rights of Motorola [nc. or others. 
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ORDERING INFORMATION 
Temperature 


Device . Alternate ange Package 
MLM158G LM158H —55°C to +125°C Meta! Can 
MLM158U — —55°C to +125°C Ceramic DIP 
MLM258G _— —25°C to +85°C Metal Can 
MLM258P 1 _ —25°C to +85°C Plastic DIP. 
MLM258U — —25°C to +85°C Ceramic DIP 
MLM358G LM358H O°C to +70°C Meta! Can 
MLM358P1 LM358N 0°C to_+70°C Plastic DIP 
MLM358U _— 0°C to +70°C Ceramic DIP 


Specifications and. Applications 
Information 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 


Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VEE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC1558 dual operational 
amplifier. The MLM158 Series is equivalent to one-half of a MLM124. 

Thése amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

Short Circuit Protected Outputs 

True Differential Input Stage 

Single Supply Operation: 3.0 to 32 Volts 

Low Input Bias Currents 

Internally Compensated 

Common Mode Range Extends to Negative Supply 
Single and Split Supply Operations Available 
Similar Performance to the Popular MC 1558 


MAXIMUM RATINGS 


Power Supply Voltages: 
Single Supply 
Split Supplies 


Input Forward Current 
(V, < -0.3 V) 
Junction Temperature 
: Ceramic and Metal Packages 
Plastic Package 
, Storage Temperature Range 
‘ Ceramic and Metal Packages 
Plastic Package 
Operating Ambient Temper- ; Tp 
ature Range 


Ts tg 


MLM158 
MLM258 
MLM358 


(1) Sptit Power Supplies. 


-55 to +125 
-25 to +85 
0 to +70 


(2) For Supply: Voltages less than 32 V, the absolute maximum input voltage is equal to 


the supply voitage. : 
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MLM158 
MLM258 
MLM358 


DUAL DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Inputs A Inputs B 


Vee/Gnd 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MLM258,MLM358 only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


-MLM158, MLM258, MLM358 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


< 


m 


Tp = Thigh to Tiow (1) 7 
tnput Offset Current 
Large Signai Open-Loop Voltage Gain 


Vo = £10 V, RL = 2.0k2, Voc = 15V, 
Ta = Thigh tO Tiow . 


input Bias Current 
Rg < 10k2 ; 
Power Supply Current (Vo = 0) loc 
Ry ==, Ta = Thigh tO Tow a 


Power Supply Rejection Ratio 4 


Average Temperature Coefficient of Input Offset Current} 41j9/4T 
Ta = Thigh to Tiow : 


.V/imvV 


> 


° 


< >) 
N ~¢ 


és 


28.5 


N 
wo; 


Amplifier-to-A mplifier Coupling 
1.0 kHz < f < 20 kHz, Input Referenced 


Q 


Output Voltage — High Limit 
Voc = 30V, Ry = 2k, Ta = Thigh to Tiow 
Vcc = 30V, Ry = 10 k2, Ta = Thigh to Tiow 
Output Voltage — Low Limit 
Voc = §.0V, Ry = 10k2, Ta = Thigh to Tiow 
Output Source Current | 
Vip = +1.0V, Vcc = 15 V 
Vip = +1.0V, Vec = 18 V, Ta = Thigh tO Tiow 
Output Sink Current 
Vip = -1.0V, Voc = 15 V 
Vip =-1.0V, Voc = 15 V, Ta = Thigh t0 Tlow — 
Vip = -1.0 V, Vo = 200 mv : 


N 


“ ~ si 
EEE EELEE | WEES 


> 


10 20 


is < 
° re) 
3 
< 


(1) Thigh =. 125°C for MLM158, 70°C for MLM358, 85°C for MLM258. 
Tow: = -85°C for MLM158, 0°C for MLM358, -25°C for MLM258. 


SINGLE SUPPLY SPLIT SUPPLIES 


3.0 V to Voc (Max) 


|! Vec 


= 1.5 V to Voc (Max) 


= 1.5 V to Veg (Max) 
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~MLM158, MLM258, MLM358 


Common to Both 


REPRESENTATIVE CIRCUIT SCHEMATIC Bene Gicculiey 
: Amplifiers 


(% Shown) 


R6 
2k 
9 


inputs ed 
p 


LARGE SIGNAL VOLTAGE é ; CIRCUIT DESCRIPTION 
FOLLOWER RESPONSE ; 


The MLM158 Series is made using two internally com- 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential. input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differentia} to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
- function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
‘lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply_rejection. 


4 V/Div. 


5.0 ps/Div. 


~ 
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MLM158, MLM258, MLM358 


' TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE 


V1, INPUT VOLTAGE (VOLTS) 
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FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE 


Vor, OUTPUT VOLTAGE RANGE (Vp-p) 


100 
f, FREQUENCY (kHz) 


FIGURE 5S — POWER SUPPLY CURRENT versus 
. POWER SUPPLY VOLTAGE 


icc, POWER SUPPLY CURRENT (mA) 
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’ Vec, POWER SUPPLY VOLTAGE (VOLTS) 


30 


a mnillll 
PA TT 
SUIT | ENT 
SCOTT LEU 
10 


1000 


nw 
or 
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FIGURE 2 — OPEN LOOP FREQUENCY 
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10k 


100 1.0k 


t, FREQUENCY (Hz) 


FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE - 
(Non-Inverting) 


Vo, QUTPUT VOLTAGE (mV) 


20 30 40 50 60 70 80 
t, TIME (us) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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MLM158, MLM258, MLM358 


APPLICATIONS INFORMATION 


, 


f 


FIGURE 7 ~ VOLTAGE REFERENCE ; FIGURE 8 — WEIN BRIDGE OSCILLATOR 


Vec 


10k 
R2 


10k oO” 27 RC 

RI = kHz 
= 16k2 
= 0.01 uF 


FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 
t | 

Veet 
Vin 


Vint | Vint 
Vref 


Al 
Vin" are na (YOu 7 Vref) + Vret 


(VoH — Vref) + Vref 


a V; i R 
= ; inH RI + R2 


@g = C (1 +a +b) (e2 - e1) R1 


He (Veg av 
Ai + Ra \YOH ~ YOU) 


FIGURE 11 — BI-QUAD FILTER 


Vin 


Vref 


Q=10 + 
Bandpass Vref 
Output Tep = 
; Ty = 1 
ci : 
- (——-e Notch Output R= 160k. | 
C= 0.001 uF 
R1= 1.6M2 
Vref Where Tgp = Center Frequency Gain R2=1.6MQ 
: _Twy = Passband Notch Gain  R3=1.6M2 
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_MLM158, MLM258, MLM358 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


1 . 
Vref = 3 Vee 


Vref 


Square Wave 
Output 


R¢ 


R1+RC 6 R2 R1 
f =—_____— if R3=——— 
4CR_R1 R2+R1 


FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


1 
Vref Vref = 2 Vec 


Given fo = Center Frequency 
A(fg) = Gain at Center Frequency 


! Choose Value fy, 


Then: 
- a 
R3 =——_—_ 
Tig Cc 
! Rie R3 
2 Alfg) 
“R1R3 
R2 


“402 R1 — RB 


For iess than 10% error from operational arnplifier 


Qo fo a 
a0 <0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameters. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
he found from the equation: 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


Thtnaxy eA ; ‘TS (max) = Maximum Operating Junction Temperature 
PD(Ta) = a Pa T as listed in the Maximum Ratings Section 
Pr OJAIT yp) Ta = Maximum Desired Operating Ambient 
Where: Pp(T,) = Power Dissipation allowable at a given. Temperature a. 
operating ambient temperature. This must be greater than RasalTyp) = is ear eststabce Junctiogt0 
ient 


Circuit diagrams utilizing Motorola products are included as a means ° 
of illustrating typical semiconductor applications; consequently, 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


(AA) MOTOROLA Semiconductor Products Inc. 


complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 
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- ORDERING INFORMATION 


Temperature 
Device Alternate Range “Package 


MLM2902P LM2902N -40°C to +85°C Plastic DIP 


Specifications and Applications 
Information 


QUAD LOW POWER OPERATIONAL AMPLIFIER 


The MLM2902 is a low-cost, quad operational amplifier with 
true differential inputs. This has several distinct advantages over 
standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
or as high as 26 Volts with quiescent currents about one fifth of 
those associated with the MC1741 (on a per amplifier basis). The . 
common mode input range includes the negative supply, thereby 
eliminating the necessity for external biasing components in many 
applications. The output voltage range also includes the negative 
power supply voltage. . 


Short Circuit Protected Outputs 

True Differential Input Stage 

Single Supply Operation: 3.0 to 26 Volts 
Low Input Bias Currents: 500 nA Max 
Four Amplifiers Per Package 

Internally Compensated 


Common Mode Range Extends to Negative Supply 


MAXIMUM RATINGS 
Symbal 
Power Supply Voltages 
Single Supply 
Split Supplies 


Input Differential Voltage Range (1) 
‘input Common Mode Voltage Range (2) 


Input Forward Current 
(V, < -0.3 V) co 


-65 to +150 


(14 Split Power Supplies. 


(2) For Supply Voltages less than 32 V, the absolute maximum input voltage is equal to 
the supply voltage. , ; 
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MLM2902 


QUAD DIFFERENTIAL 
INPUT a 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


PIN CONNECTIONS 


Gnd/VeeE 


inputs 


' 


MLM2902 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 
pat fae Vora 
input Offset Current 0 

Large Signal Open-Loop Voltage Gain : 

Vo =#10V, RL =2.0k2 


nput Bias Current 


CMRR 


ViCR 


y 


Common-Mode Rejection Ratio 
I 
Input Common-Mode Voltage Range 
Output Voltage Range V 
RL =2k2 
Output Sink Current 
Vip =-1.0V 


vio 
Power Supply Current (Vo = 0) cc 
RL =o : 
Power Supply Rejection Ratio | PSRR | 
Amplifier-to-Amplifier Coupling 
1.0 kHz <f < 20 kHz, Input Referenced 
OR 
Output Source Current : : fo+ 
Vip = +1.0 V, Vec= 15 V 
fo- 
(1) Thigh = +85°C 
Tlow = -40°C 


SINGLE SUPPLY 


SPLIT SUPPLIES 


3.0 V to 32 V 


=" 1.5 V to 16 Vv 


=" 1.5 Vto16V 


(AA) MOTOROLA Semiconductor Products Inc. 


3-174 


MLM2902 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE 


+V,, INPUT VOLTAGE (VOLTS) 


0 +20 +40 +60 +80 +10 +12 +14 +16 +18 +20 


Vec/VEE, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE 


Vor, OUTPUT VOLTAGE RANGE (Vp.p) 


0 
1.0 10 100 1000 


f, FREQUENCY (kHz) 


FIGURE 5 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 


PE TET ETT seeabe [I 
TERS eROR Eee e 


pe | 
| A 

| | i 
bal 


'cc, POWER SUPPLY CURRENT (mA), 


Vcc, POWER SUPPLY VOLTAGE (VOLTS) 


5.0 10 15 20 25 30 35 


FIGURE 2 — OPEN LOOP FREQUENCY 


Vec=15V 
VEE = Gnd 


Avo. LARGE-SIGNAL + 
OPEN-LOOP VOLTAGE GAIN (d8) 


1.0 10 100 1.0k 10k 100 k 1.0M 
f, FREQUENCY (Hz) 


FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER 


PULSE RESPONSE 
(Non-tInverting) 


560 
SRR 
Vege = Gnd 
se Ta = 25°C 
C_ = 50 pF 


ey skal 
“Cee IT 
midomi ee 
300 hot 


Vg, OUTPUT VOLTAGE (mv) 


0 
0 #10 20 30 40:50 60 70 80 
t, TIME (ys) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE | 


yg, INPUT BIAS CURRENT (nA) 


Heese se ee 
Heel 


0 6200 64006©«660 8 10 12 14 - «16 18. 20 
Vcc, POWER SUPPLY VOLTAGE (VOLTS) 


(AK) MOTOROLA Semiconductor Products Inc. 
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MLM2902 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE ; _ FIGURE 8 — WEIN BRIDGE OSCILLATOR 


\ 


Veco - : S0k 


10k 
R2 


10k 
Ri 


FIGURE 9 ~ HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 


Ei 


Vint! Vink 
Vret ; 


R1 
Vint aya AD VOL ~ Veet) + Veet 


R1 
Vind = Raa Ae (VOH ~ Vref) + Vret 


R1 
= -V 
4= aay Ae (VOH ou) 


@9 = C (1+ a+b) (e2-@1) 


FIGURE 11 — BI-QUAD FILTER — 


Vin Ct 4 : 
o— Vref = 2 Vec 
Veet For  fo= 1kHz 
Q=10 
Bandpass Vref 
Output . Tap = 
: “tye! 
ener Output =k = 160k2 
C = 0.001 uF 
te” R1= 1.6M2 
Veet Where Tgp = Center Frequency Gain R2=1.6MQ2 
Ty = Passband Notch Gain R3= 1.6M2 


(AA) MOTOROLA Semiconductor Products Inc. 
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MLM2902 4, 4 


FIGURE 12 — FUNCTION GENERATOR 


- Triangle Wave ; R2 
Output 
Vref = 5 Voc C 
Vret 
Square Wave 
Output 
Vin 


— Vref Vref = 2 Vec 


Given fo = Center Frequency 
Alfo) = Gain at Center Frequency 


Choose Value fo, C 


Then: 
R3 “toc 
Gace ee 
2 Alfy) 
R1R5 
R2 


“aa2z R1 — R5 


4 


For less than 10% error from op amp 


Qo fo ; 
aw <0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with 
voltage follower buffer to stabilize filter parameters. z 


Circuit diagrams utilizing Motorola products are included as a means '- ig believed to be entirely reliable. However, no responsibility is 


of illustrating typical semiconductor applicatians; consequently, assumed for inaccuracies. Furthermore, such infotmation does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc; or others. 


(AA) MOTOROLA Semiconductor Products inc. 
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-MLM2902 


Bias Circuitry 
Common to Four 
Amplifiers 


REPRESENTATIVE CIRCUIT SCHEMATIC 


(1/4 Shown) 


al 
60 k 
R1 


Qi8 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans 
conductance reduction functions. By reducing the trans. 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 


O VEE (Gnd) 


PPT eT TA 
ee eae ee 


Pia te ch Weegee Ty the negative supply or ground, in single supply operation, 
aa rae) eed without saturating either the input devices or the dif- 


- 5.0 us/Div. ferential to single-ended converter. The second stage con- 


sists of a standard current source load amplifier stage. 
Each amplifier is biased from an internal-voltage regu- 


CIRCUIT DESCRIPTION 


The MLM2902 is. made using four internally com- lator which has a low temperature coefficient thus giving 
pensated, two-stage Operational amplifiers. The first stage each amplifier good temperature characteristics as well as 
of each consists of differential input devices Q20 and excellent power supply rejection. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

Ty(max) ~TA 
RaJa(Typ) 


PD(Ta) = 


Where: Pp(T,) = Power Dissipation allowable at a given 
Operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


Tmax) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 


Temperature - 
Rg JA(Typ) = Typical Thermal Resistance Junction to 
Ambient 


(AA) MOTOROLA Semiconductor Products Inc. - 
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oF 


0 to 70°C 


LM317 
LM323 
MC1403,A 
MC1460,61 
‘MC1463 


~ MC1466 


MC1468 
MC1469 
MC1723C__ 
MC3420 
MC3422 


MLM304 
MLM305 
MLM309 


LM117 
LM123 
MC1503,A 
MC1560,61 


_ MC1563 


MC1566 
MC1568 
MC1569 
MC1723 
MC3520 


MLM104 
MLM105 
MLM109 


VOLTAGE REGULATORS 


Temperature Range 
-55 to 125°C 


_ Other 


MC7700C 
MC7800C 


MC78LO00C,AC 


MC78MO0C 
Mc7900C 


._MC79L00C,AC 


MLM204 
MLM205 
MLM209 


i 2 


Page 
Three-Terminal Adjustable Positive Regulator. teas 46 
' Positive Voltage Regulator........ eae wee 47 
Precision Low-Voltage Reference............ . 49 
Positive Voltage Regulator....... Veni “eters: Tee: vents 4-11 
Adjustable Negative Regulator... ........0.065 4-12 
Precision Floating Regulator................ 4-28 
Dual + 15-Volt Tracking Regulator ......... 084 4-38 
Adjustable Positive Regulator... .........6-. 4-44 
Adjustable Positive or Negative Regulator........ 4-63 
Switchmode Regulator Control Circuit. ......... 4-69 
Current Limiter, .... er teeas Sea seaad artes Sam, Sova ee vee 4-74 
. Series of Positive Regulators (750 MA). ......... 4-76 
Series of Positive Regulators (15 A)........... 4-84 
Series of Positive Regulators (100mA)....... 12. 492 
Series of Positive Regulators (500 mA). .........- 4-99 
Series of Negative Regulators (1.5 A)........... 4-107 
Series of Negative Regulators (100 mA) ......... | 4-116 
Adjustable Negative Regulator .. : Bn ROR ohains ae 4-122 
Adjustable Positive Regulator............... 4-124 
Positive Voltage Regulator........... ash bees 4-126 
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Fixed Output Voltage Regulators 


Low cost, monolithic circuits for positive and/or negative regulation at currents from 100 mA to 
3 A. These dedicated circuits require no external add-on component, although an input capacitor 
should be used if regulator is located an appreciable distance from the power supply filter, and an 
output capacitor could improve transient response. They are ideal for on-card regulation of sub- 
systems, affording possible economic advantages and performance improvement in applications where 
total system regulation is not required. 

Most .devices are available in metal and. plastic packages. All employ internal current limiting, 
thermal shutdown and safe-area compensation — making them essentially blow-out proof. All are 
designed to.operate over a OPC to 150°C junction temperature range, except *T eo -55°C to +150°C. 


FIXED MOETAGE: 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES. 


Device Type 
Negative Output 


Device Type 
Positive Output 


Vin 
mnie 


San OS S20 Ek ee MC79L03AC 4.7730 a eT oe 


ozs |_| werstosac— FG feo a 
£0.25 MGTBLOSAG Faciskesee 


[500 | Mc7emosc | —  —«|s 7/35 

[750 [|  mc77osc {= —- 
eae EL 
= a 


T+0.25 | LM309 be Sw ie 
ee eee seumi23* | 7.85/20 2] 
rt 02] **LM323 ae ae 


2 | 0.26 1500 MC7905.26 72/35 T1058 05 To 313 
£03 2 2 @/38 [100] 
|____ [iso | wcreoce | werenns 


mc7stosAc {= ee 


| 500 | Mc7smosc | 10/35 ee 79,313 


| _750_ [| mc77osc. ff 79, 313 
| 1500 | _mc7s0sc MC7908C_ 


he MC78L12C MC79L12 "13.7/35 29, 79 
r+ 0.6 MC78L12AC MC79L12AC. 


75 167/36 
[s60—}_mevamise |) 78 [100 
weer | mcwase | Ste 
| s00_| _ Mc7emisc _| 
To emee f= 


MC7720C 


= ass 4 25.7/40 | 350 
£1,2 ao Rall ad 
j_s00_ | Mmc7em24c_ f= (26/40 P2779, 313 

|. 750. | mc772ac |= 
STE 


7500] MC7824C MC7924C 


*T 5 = -55 to +159°C 
**To be introduced 
‘ft Output Voltage Tolerance for Worst Cato 
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Variable Output Voltage Regulators 


The regulators in the following tables can be tailored for any specific output voltage within the 
indicated ranges through the use of external resistors. The indicated output current is available 
directly from the device. Increased output current can usually be obtained through the use of external 
current — boosting circuits. All have internal provisions for current limiting, or are internally pro- 
tected against excessive thermal or SOA overloads. 


POSITIVE OUTPUT REGULATORS 


Device 
Us Type 


M Pao 7 


'M i’ MLM205_| 


| MLM105_ |} 


a 723 r 


LMc1s69 | | 26 [set ef 36 f 3.0 1 0.68 
| | 37 | ps | 40] 27 | 


[| tM317* | 37 Internally 
LM317* Limited 
LM117* 

*To be introduced 


NEGATIVE OUTPUT oa —— 


oa 
| &M104__| 
| MC1463 | 


a= eee 


Switching Regulator 


Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The 
device includes the reference, oscillator, pulse-width modulator, phase splitter and output sections. 
Frequency and duty cycle are independently adjustable. 


aie Siemens ae ae ee et 
[wis [Mae | Number | sur rix * 


MC3420 P Oto +70 648 
L 620 


Mea620 Sew ris | 620] 


Special Regulators 


FLOATING VOLTAGE AND CURRENT REGULATORS. Designed for laboratory type power 
supplies, these unique regulators can deliver hundreds of volts — limited only by the breakdown 


voltage of associated, external, series-pass transistors. 
Vout Vaux ayer Vest ss In| Teyay 
Sie Pa Device aie Mae thes 
Type Max = 


[eises |e [20] a5 —] sae [gees a 0.005 


ee nee on characteristics’ ae: external series-pass elements. 


DUAL +15 V TRACKING REGULATORS. Dual polarity regulator designed to provide balanced 
positive and negative output voltages. Internally, the device is set for +15 V, but an external adjust- 
ment can change both outputs simultaneously, from 8.0 V to 20 V. 


Vin 
Device wae Regline | Regload 
min] Wax | wax [Twin | ax | Type mv | mv 
+100 17 MC1468 es 0 to +75 
Lt | 10 | ; 
[A] 2.4 
mcis6s | G }- o8 | -55 to +125 
| R | 24 | : 


LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE 


MC1403A U 693 
MC1503 U -55 to +125 ‘693 
oes oualie-s 


. This is advance information and specifications are subject to change without notice. 


Advance Information 


ly toe 3-TERMINAL . 
ADJUSTABLE OUTPUT VOLTAGE REGULATOR 


The &£M117 and LM317 are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 1.5 A over an 
output voltage range of 1.2 V to 37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors to 
set the output voltage. Further, they employ internal current 
limiting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM117/LM317 serve a wide variety of applications 
including local, on card regulation. This device also makes an 
especially simplé adjustable switching regulator, a programmable 
output regulator, or by connecting a. fixed resistor between the 


adjustment and output, the LM117/317 can be used as a precision 


current regulator. 


Output Current in Excess of 1.5 Ampere 
Output Adjustable Down to 1.2 V 

Internal Thermal Overload Protection 
Internal Short-Circuit Current Limiting 
Output Transistor Safe-area Compensation 
Standard TO-220 3-lead Transistor Package 


STANDARD APPLICATION 


= Cin is required if regulator is located an appreciable distance from power 


supply filter. 
** = Co is not needed for stability, however it does improve transient 


résponse. 


f 
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3-TERMINAL ADJUSTABLE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 11 
(TO-3 Type) 


{bottom view) — 


Pins 1 and 2 electrically isolated from case, 
Case is third electrical connection. 


T SUFFIX 
_ PLASTIC PACKAGE 
TO-220 
CASE 313 


Pin 1 Adjust 
Pin2 Vout 


(Bottom View) 


Pin 1 Vin 

Pin 2 Adjust MSuEOx 
METAL PACKAGE 

Pin3 Vout CASE 79 


(Case is output) (TO-39) 


ORDERING INFORMATION .- 


Temperature Range 


LM117H ~55°C to +125°C Metal Can 
LM117K | -55°C to +125°C Metal Power 


LM317H_ } 0°c to +70°C Metal Can 
“LM317K | O° to +70°C Metal Power 
LM317T 0°¢ to +70°C Plastic Power 


Product Preview 


3 AMPERE -5 VOLT POSITIVE VOLTAGE REGULATOR 


The LM123/LM323 is a three-terminal positive regulator with 
a fixed 5 Volt output and a load driving capability of 3 Amperes. 

These regulators are supplied in a hermetic TO-3 package 
which possesses high reliability and low thermal resistance. This 
package can provide up to 30 Watts power dissipation. 

The LM123/LM323 employ internal current limiting, thermal 
shutdown and safe area compensation which make them essentially 
blow-out proof, 

The LM123 has a guaranteed operation over the junction 
temperature range -55°C to +150°C while the LM323 is specified 


3 AMPERE -5 VOLT 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


: . INPUT OUTPUT 


K SUFFIX 
METAL PACKAGE 
CASE 11 


from 0°C to +125°C junction temperature. (TO-3 TYPE) | Gidttomslend 


‘Pits 1 and 2 electrically Isolated from case, 


: : , Case Is third electrical connection. 
Delivers Up to 3. Amperes Output Current 


No External Component Required 
Internal Thermal Overload Protection 
Internal Short-Circuit Current Limiting 

30 Watts Power Dissipation 


STANDARD APPLICATION 


LM123/ 
LM323 


A common ground is required between 
the input and the output voltages. The input 
voltage must remain typically 2.0 V above the 
output voltage even during the low point on the 
input ripple voltage. < 


*=C;, (solid tantalum) is required if 
regulator is located an appreciable distance 
from power supply filter. 


oo ss Co is not needed for stability; however, it 
does improve transient response. If 
needed, its value should be greater than 
0.1 UF. 


Storage Temperature Range : —65 to +150 


Operating Junction Temperature Range Ty. : ; 
M123 * —55 to +150 
: LM323 QO to +125 


ORDERING INFORMATION 
DEVICE | TEMPERATURE RANGE | PACKAGE | 


LM123K ~55°C to + 125°C METAL POWER 
LM323K | © 0°C to +709C METAL POWER 
This is advance information and specifications are subject to change without notice. g . : 
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LM123, LM323 


ELECTRICAL CHARACTERISTICS (T, = T,,,, to Thigh fees Note 1] unless otherwise specified.) 


Output Voltage 


(Vin = 7-5 V, lout = 0, Ty = 25°C) 


Output Voltage 
(7.5V<Vj,,<15V,0<1 


Line Regulation (3) 
(75 V<Vi,< 15 V, Ty = 25°C) 


Load Regulaton (3) 


(Vin = 7-5 V, 0S toy, S3.0A, Ty = 25°C) 


Quiescent Current 


(7.5 V SV;, S15 V,0S1,,,45 <3.0A) 


out 


Output Noise Voltage ; 
(10 Hz < f < 100 kHz, Ty = 25°C) 


Short Circuit Current Limit 
(Vi, = 15 V, Ty = 25°C) 
(Vin = 7.5 V, Ty = 25°C) 


Note 1. Tyow = —55°C for LM123 Thigh = +150°C for LM123 Note 2. Without a heat sink, the thermal resistance of the TO-3 
= 0°C for LM323 = +125°C for LM323 package is about 35° C/W. With a heat sink, the effective 

. thermal resistance can only approach the specified values 

Although. power dissipation is internally limited, specifi- of 2.0° C/W, depending on the efficiency of the heat sink. 


cations apply only for P < 30 W. 
Note 3. Load and line regulation are specified at constant junction 
temperature. Pulse testing is required with a pulse width < 
1.0 ms and a duty cycle < 5%. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can T J(max) = Maximum Operating Junction Temperature as listed in 
tolerate at a given operating ambient temperature, can be found the Maximum Ratings Section 


from the equation: T, = Maximum Desired Operating Ambient Temperature 


T5(max) = Ta 
Rasa (Typ) 


ZV; Is—Volo Raya(Typ) = Typical Thermal Resistance Junction to Ambient 


PplT a) = 


: le = Total Supply Current 
Where: P pita) = Power Dissipation allowable at a given oper- s PRY. e 


ating ambient temperature. 


MC1403,A 
MC1503,A 


. Product Preview 


PRECISION LOW-VOLTAGE 
REFERENCE 


LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


LOW-VOLTAGE REFERENCE 


A precision band-gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is de- 
signed to work with Motorola MC1506, MC1508, and MC3510 D/A 
converters as well as numerous A/D systems. Low temperature drift 
is a prime design consideration. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1403 only) 


Nominal Output Voltage = 2.5 V + 25 mV 
Input Voltage Range = 4.5 V to 35 V 
Quiescent Current = 1.2 mA typ 

Output Current = 10 mA 

Temperature Coefficient = 10 ppm/°C typ 
U SUFFIX 


CERAMIC PACKAGE 
CASE 693 


Temperature Sensing Diode Available 
Guaranteed Temperature Drift Specification 
Equivalent to AD580 . 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Input Voltage 
Storage Temperature 


Junction Temperature 
Ceramic Package 
Plastic Package 

Operating Ambient Temperature Range 

-. MC1503, A -55 to +125 
MC1403, A - 0 to +70 


MC1503U ~55 to+125°C 


~85 to +125°C 
010+ 70°C 
0 to +70°C 
0 to+70°C 
0 t0 + 70°C 


This is advance information and specifications are subject to change without notice. 
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MC1403, A, MC1503, A 


ELECTRICAL CHARACTERISTICS (v, = 15 V, Ta = 25°C unless otherwise noted.) 
Output Voltage : 
(Iq = 0 mA) 


Temperature Coefficient of Output Voltage 


MC1503 : 
MC1503A 


MC1403 


MC1403A 

Output Voltage Change Q 
(over specified temperature range) 
MC1503 
MC1503A 
MC 1403. 
MC1403A 

Line Regulation 
(I5V<V), <40V) 
(45V<V;<15V) 


Load Regulation ~ Regioad oe 
(1.0mA < 1g <11mA) 


Quiescent Current 
(Iq = OmA) 


(A) MOTOROLA Semiconductor Products Inc. 
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-MC1460, Mc1461 
Mc1560, MC1561. 


POSITIVE VOLTAGE REGULATORS 


These devices are not recommended for new design, but Motorola. will 
continue to supply these devices for existing applications. ; 

For a complete data sheet, mail your request to Motorola Semiconductor 
Products, Inc., P.O. Box 20912, Phoenix, Arizona 85036. . 


MC1463 
MC1563 


NEGATIVE VOLTAGE REGULATOR 


The MC1563/MC1463 is a ‘three terminal’ negative regulator designed to deliver con- 
tinuous load current up to 500 mAdc and provide a maximum negative input voltage of NEGATIVE-POWER-SUPPLY 


~40 Vdc. Output current capability can be increased to greater than 10 Adc through use | VOLTAGE REGULATOR 
of one or more external transistors. 


Specifications and performance of the MC1563/MC1463 Negative Voltage Regulator are 
nearly identical to the MC1569/MC1469 Positive Voltage Regulator. For systems re- SILICON MONOLITHIC 


quiring both a positive and negative power supply, these devices are excellent for use as INTEGRATED CIRCUIT 
complementary regulators and offer the advantage of operating with a common input 
ground. 


The MC1563R/MC1463R case can be mounted directly to a grounded heat sink which 
eliminates the need for an insulator. 


Case is at Ground Potential (R package) 

Electronic “Shutdown” and Short-Circuit Protection 

Low Output impedance — 20 Milliohms typicat 

High Power Capability ~ 9.0 Watts 

Excellent Temperature Stability - AVo/AT = + 0.002%/°C typical 


High Ripple Rejection — 0.002% typical G SUFFIX R SUFFIX 
METAL PACKAGE METAL PACKAGE 


500 mA Current Capability | CASE 603 CASE 614. 


FIGURE 1 — TYPICAL CIRCUIT CONNECTION _ FIGURE 2— TYPICAL NPN CURRENT BOOST CONNECTION 
(|-3.5| < Vo <J-37] Vde, 1 <1, <500 mA) (Vo = 5.2 Vde, I, = 10 Adc [max]) 


1N4001 or Equiv , 
MC 1563R o ° MC1563R 


MC1463R MC1463R 


Vin Rese , F 
g A 
Setect Ra to Give Desired Vg: RA = (2'Voi-7)k2 Vo = -35(1+ ry ) sh) 
; B PN 


2p = $.0 mitliohms Vo = -5.2 Vde 


FIGURE 3 — +15 V, +400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR ; 


1N4601 
or Equiv 
2N706 - 
Vv 


E 
‘20 vae MC1569R alas 


weve | [oRDeaING INFORMATION id 
reaaitive TEMPERATURE RANGE. 

REGULATOR) : ; MC1463G 0° C to +709 C 

, 

=85° C to +125°C 


: : - K 14001 
a or Equiv 
MC 1563R 


O 
O 0 VO 

MC 1463R 1$Vile 
9 . 


4 = 
? 500 mA max 
o 
00h ue (NEGATIVE ; 
t 5 | REGULATOR} 
- : 
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MAXIMUM RATINGS (Tc = +25°C unless otherwise noted.) 


Rating 


Input Voltage 
MC1463 
MC1563 


Load Current — Peak I | 250 {| «600 | 
[curating ete 


Power Dissipation and Thermal Characteristics 
Ta = 25°C 

Derate above Ta = 25°C | 

Thermal Resistance, Junction to Air 
Tc = 25°C 

Derate above Tc = 25°C 

Thermal Resistance, Junction to Case 


OPERATING TEMPERATURE RANGE 


Operating Ambient Temperature Range 
MC1463 , 0 to +70 
MC1563 ~55 to +125 


Input Voltage 
(Ta =Tiow © to Thigh @ 11, = 1.0 ma) 
Output Voltage Range (1, = 1.0 mA) 


> 


Reference Voltage (Pin 1 to Ground) 


Bias Current (Standby Current) 


(tp = 1.0 mAde, yg = ty — IL) 


Output Noise 
(Cp, = 0.1 uF, f = 10 Hz to 5.0 MHz) 


Temperature Coefficient of Output Voltage 


Pg 
oO « 


Operating Load Current Range 
(Rse = 0.3 ohm) R Package 
(Rgc = 2.0 ohms) G Package 


Load Regulation 
(Ty = Constant [1.0 mA <i, <20 maj) 
(Tc = +25°C [1.0 mA <I, <50 mA]) R Package 


Output Impedance (f = 1.0 kHz) 7 


Shutdown Current 


= =35 Vde) — 
® Tiow = 0°C for MC1463 ; @ Thigh = +70°C for MC1463 Heat sink required for Thigh testing of “G" package. 


= ~65°C for MC1563 = +125°C for MC1563 


4-13 


MC1463, MC1563 


“Minimum Input Voltage” is the minimum “total instanta- 
neous input voltage” required to properly bias the internal 
zener reference diode. 


Note 1. 


Note 2. - This parameter states that the MC1563/MC1463 will regu- 
late property with the input-output voltage differential 
\Vj — Vol as low as 2.7 Vde and 3.0 Vde respectively. 
Typical units will regulate properly with {Vy — Vo} as low 


as 1.5 Vdeas shown in the typical column. 


Note 3. ‘Temperature Coefficient of Output Voltage’’ is defined 
as: ; 
+ (Vg max — Vo min) (100) 


AVQ/AT = 


A Ta (Vo @ Ta = +25°C) 


where 4A Ta = +180°C for the MC1563 
+75°C for the MC1463 


The output-voitage adjusting resistors (Ra and Rpg) must 

have matched temperature characteristics in order to main- 
_ tain a’constant ratio independent of temperature. 

Note 4. Input regulation is the percentage change in output voltage | 
per volt change in the input voltage and is expressed as 


Note 6. 


TEST CIRCUITS. 


Note 5. 


Vo 


Input Regulation = 
veers Vo (Vi) 


100 (%/Vo). 


where vo is the change in the output voltage Vo for the 
input change vjn. 


The following example iltustrates how to compute maxi- ' 
mum output voltage change for the conditions given: 
Vo= 10 Vde 
Vin = 1.0 Virms) 
Vo= (Regine) (V}) (Vo) 
100 


_ (0,015)(1.0)(10) 


100 
= 0.0015 Virms) 


Temperature drift effect must be taken into account 

separately for conditions of high junction temperature 

changes due to the thermal! feedback that exists on the 

monolithic chip. 
VOI (eos = NOl py a 

Load Regulation = Voi, = 1.0m" VOli, = 50 mal x 100 

Oli. = 1.0 ma| 


Not to exceed maximum package power dissipation. 


L = 100 mAdc, Tc = +25°C unless otherwise noted.) 


FIGURE 4 — GENERAL TEST CIRCUIT 


Ch 
A0-4 oF 
[ease RB 268k 


: + 


GND 


MC1563 
MC1463 


Vp = -15 Vde 


Select Ra to give desired Vg: Ra = {21VQ!-7) k2 


FIGURE 6 ~ LOAD REGULATION 


GNO 


MC1563 
MC 1463 


Vp=-18 Vdc 1.0 6 


Vg =-10 Vde V1 = -15 Vde 


1.8 


FIGURE 5 — LOAD TRANSIENT RESPONSE 


2N3906 
or Equiv 


200TO 


0.001 uF 


PULSE 
GENERATOR 
MC1563 
MC 1463 
Vo= -10 Vic 
FIGURE 7 ~- OUTPUT IMPEDANCE 
50 mV(rms) 
f= 1kHz 
100 pF 
MC 1563 
MC 1463 
[= 5 mA(rms) 


ident Zi) 
Vo= -10 Vde 


: FIGURE 8 ~ SHUTDOWN CURRENT 


36k 2 A> IViniks? for 
| imAde 


‘4 


Wj=-35Vde 88.0 


GND 
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GENERAL DESIGN INFORMATION 


1. Output Voltage, Vo , FIGURE 9 — TYPICAL CIRCUIT CONNECTION 
a) Output Voltage is set by resistors Ra and Rg (see Figure 9). 
Set Rg = 6.8 k ohms and determine Ra from the graph of 


Figure 11 or from the equation: ; 
a . ; : c 
Ra © (2 |Vo|-7) kQ fore 
b) Output voltage can be varied by making Ra adjustable as poaseri 


shown in Figures 9.and 10. : nf 
c) Output voltage, Vo, is determined by the ratio of Ra and Rg ; RL 
therefore optimum temperature performance can be achieved ; 
_if Ra and Rg have the same temperature coefficient. MC1563 ; 
MC 1463 
d) Vo = Vreg (1 +Ra); therefore the tolerance on 
Rg ; 0 
output voltage is determined by the tolerance of Vre¢ and ; Vo 


R 
Ra and Reg. Vox-38(1+ po) 


GNO 


Select Ra to Give Desired Vg: = (2) Vg -7)kQ 
- 2. Short-Circuit Current, isc moe : 


Short-Circuit Current, Isc is determined by Reg. Rge may 
be chosen with the aid of Figure 11 when using the typical 
circuit connection of Figure 9. 


3. Compensation, Co 
A 0.001 uF capacitor (Co, see Figure 9), will provide FIGURE 10 — Ra versus Vo 
adequate compensation in most applications, with or without : 
current boost. Smatter values of C, will reduce stability and 
larger values of C, will degrade pulse response and output 
impedance versus frequency. The physical location of C. 
should be close to the MC1563/MC1463 with short lead 


lengths. = 
4. Noise Filter Capacitor, Cy = 
A 0.1 uF capacitor, Cp, from Pin 3 to ground will typically S 
reduce the output noise voltage to 120 uVirms). The value < 
of C,, can be increased or decreased, depending on the noise 2 
voltage requirements of a particular application. A minimum 3 
value of 0.001 uF is recommended. é 
5. Output Capacitor, Co 
The value of Cg should be at feet 10 pF in order to eee 
good stability. 
6. Shutdown Control 0 5.0 -10 “15 -20 -25 ~30 -35 
One method of turning ’’OFF” the regulator is to draw 1mA : : 
from Pin 2 (See Figure 8). This control can be used to Vo, OUTPUT VOLTAGE (VOLTS) 


eliminate power consumption by circuit loads which can be 
put in “standby” mode. Examples include, an ac or de 
“squelch” control for communications circuits, and a dissi- ; 
pation control to protect the regulator under sustained out- FIGURE 11 — Igc versus Rg 
put short-circuiting. As the magnitude of the input-threshotd 
voltage at Pin 2 depends directly upon the junction temper- 
ature of the integrated circuit chip, a fixed dc voltage at Pin 2 
will cause automatic shutdown for high junction temper- 
atures. This will protect the chip, independent of the heat 
sinking used, the ambient temperature, or the input or out- 
put voltage levels. Standard Logic levels of MRTL, MDTL* 
or MTTL* can also be used to turn the regulator “ON” or 
“OFF”. 


7. Remote Sensing 
The connection to Pin 8 can be made with a separate lead 
direct to the load. Thus, ‘‘remote sensing” can be achieved 
and the effect of undesired impedances (including that of 
the mitliammeter used to measure f,) on Zo can be greatly 
reduced. 


200 


Igc, SHORT-CIRCUIT LOAD CURRENT (mA) 


Rsc, EXTERNAL CUR RENT-LIMITING RESISTOR (QHMS) 


4-15 


MC1463, MC1563 


Isc, SHORT-CIRCUIT LOAD CURRENT (mA) 


2p, OUTPUT IMPEDANCE (m2) 


Unless otherwise noted: 


FIGURE 12 — TEMPERATURE DEPENDENCE 
OF SHORT-CIRCUIT LOAD CURRENT 


TYPICAL CHARACTERISTICS 
Cy= 0.1 uF, Cg = 0.001 pF, Co = 10 uF, Tc = +25°C, 


. Vi(nom) = -15 Vde, Vo(nom) = -10 Vdc, i, = 100 mAdc.. 


FIGURE 13 — FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE 


Zo, OUTPUT IMPEDANCE (ma2} 


475 +100 +125 +150 +175 


Ty, JUNCTION TEMPERATU RE (°C) f, FREQUENCY (kHz) 


FIGURE 14 — DEPENDENCE OF OUTPUT 


IMPEDANCE ON OUTPUT VOLTAGE 


FIGURE 15 — OUTPUT IMPEDANCE versus Rse 
50 : 


Vt — Vol = 3.0 V, Ty = +25°C ~_ 
Rc = 0, 1L = 10 mA to 500 mA z 
w 
o 
2 
ft 
a 
a 
= 
be 
> 
a. 
Ee 
= 
Oo 


Vo, OUTPUT VOLTAGE (VOLTS) Rec. CURRENT LIMITING RESISTOR (OHMS) 


Vo, NORMALIZED OUTPUT VOLTAGE 


FIGURE 16 — CURRENT LIMITING CHARACTERISTICS 


IL, LOAD CURRENT (ma) 
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’ TYPICAL CHARACTERISTICS (continued) 


FIGURE 17 — BIAS CURRENT versus INPUT VOLTAGE 


| 


\ 


ig, BIAS CURRENT (mAdc) 


a 
aoe 
a 
ae 
— | 
Le 
= 
id 
ee 
ae 


LULL AL 
AESORRANGR 


__ Vin, INPUT VOLTAGE (Vdc) 


FIGURE 19 — EFFECT OF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 


Regline, INPUT REGULATION (%/Vin) 


[Vj - Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 21 — LOAD TRANSIENT RESPONSE 


IL, LOAD 
CURRENT (mA) 


tPLH = tPHL = 500 us ea 


Vo, OUTPUT VOLTAGE (VOLTS) 
1 + 


10 ys/DIV 


1.0 ms/DIV 


-9.998 


FIGURE 18 — EFFECTS OF LOAD CURRENT 
ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


— 


— 


iVj — Vol, INPUT-QUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 


tt, LOAD CURRENT (mAdc) 


FIGURE 20 — INPUT TRANSIENT RESPONSE 


Vy}, INPUT 
VOLTAGE (VOLTS) 
t 1 ' 


Vo, QUTPUT VOLTAGE (VOLTS) 
’ 1 t ’ t 


100 us/DIV 


FIGURE 22 — DC OPERATING AREA 


tt, LOAD CURRENT (AMPERE) 


30 40 50 70 - 1 
iVy— Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 
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~ OPERATION AND APPLICATIONS 


This section describes the operation and design of the MC1563 (MC1463) negative voltage regulator and also 
provides information on useful applications. 


* SUBJECT SEQUENCE: INDEX 


Specification Pg. No. 
Remote Sensing , 12 
An Adjustable Zero-Temperature-Coefficient 13 
Voltage Source 
Thermal Shutdown 13° 
_ Thermal Considerations 13 


Specification Pg. No. 
Theory of Operation 7 
NPN Current Boosting : 9 
PNP Current Boosting 10 | 


Positive and Negative Power Supplies 11 
Shutdown Techniques 11 
Voltage Boosting . 12 


THEORY OF OPERATION 


The usual series voltage regulator shown in Figure 23, 
consists of a reference voltage, an error amplifier, and a 


series control element. The error amplifier compares the ~ 


output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer- 
ence, there are two options. The first is to use a resistive 
’ divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 


attenuation of the resistive divider. This degrades load. 


regulation especially at high voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 24. The gain-determining resistors may 
be external, enabling a wide range of output voltages. This 


Error 
Amplifier . 


PC Board Layout and Information 15 


is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this “regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com- | 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 


‘are buffered to the extent that they have virtually no effect 
'on the reference amplifier. If the feedback resistors are 


external (as they are on the MC1563) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this “regulator- 
within-a-regulator’” Concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap- 
proach was used in the design of the MC1563. negative 
voltage regulator. 


Reference | + 
: Voltage Refer- : + 


ence 
Amplifier Error 
(Level ~ Amplifier 
Shifter) 


Ra 
VO= Veer (14+ —) 
Re 


FIGURE 24 — The “’Regulator-Within-A-Regulator’” Approach 


FIGURE 23 — Series Voltage Regulator 
Circuit diagrams utilizing Motorola products are included as a means believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor. devices described any 
necessarily given. The information has been carefully checked and is license under the patent rights of Motorola Inc. or others. . 


(MC1563 — Pg. 7) 
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MC1563 (MC1463) Operation 


Figure 25 shows the MC1563 (MC1463) Negative Reg- 
culator block diagram, simplified schematic, and complete 
schematic. . The four basic sections of the regulator are: 
Control, Bias, DC Level Shift, and Output (unity gain) 
Regulator. 
graphs. 
Control 


The control section involves two basic functions, start- 
up and shutdown. A start-up function is required since 


the biasing is essentially independent of the unregulated 


Each section is detailed in the following para- 


FIGURE 25 © 
(Recommended External Circuitry is Depicted With Dotted Lines.) 


input voltage. 


Unity-Gain Regulator 


Case/10 
—O---<@--- 


Coit 


10 BF 


Me a iw nw a lg - 2 ee eee 


' 
! 
7 
| 
4 


Output 
08 
Sense 


Compensation 
o7 


Hit). 


Current Limit ° 


It makes use of two zener diodes having 
the samé breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a 
resistor (60 kQ2) and permits the regulator to initially 
achieve the desired bias conditions. ‘This’ permits the 
second, or reference zener to be driven from a current 
source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 


circuitry by a diode disconnect technique. This is necessary 


to keep the added noise and ripple of the auxiliary zener 
from degrading the performance of the regulator.. 


(MC 1563 — Pg. 8) 
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The shutdown control, in effect, consists of a PNP tran- 


sistor across the reference zener diode. When this transistor ~ 


is turned “ON”, via Pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut- 
down. During shutdown the current drain of the com- 
plete IC regulator drops to Vjp/60 kQ or 500 pA for a 
~30 V input. , 


Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co- 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer- 
ence voltage of approximately -3.5 Vdc with a typical 
temperature coefficient of 0.002%/°C. In addition, this 
- circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 


DC Level Shift 


The reference voltage is used as the input toa Darlington 
differential amplifier. The gain of this amplifier is quite 


high and it therefore may be considered to function as a- 


conventional operational amplifier. Consequently, negative 
feedback can be employed using two external resistors (RA 
_and Rg) to set the closed-loop gain and to boost the refer- 
ence voltage to the desired output voltage. A capacitor, 
_ Cp, is introduced externally into the level shift’ network 
(via Pin 3) to stabilize the amplifier and to filter the zener 
noise. ‘The recommended value for this capacitor is 0.1 uF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 uF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cy will reduce the noise as well as 
delay the start-up of the regulator. , 


Output Regulator 


The output of the shift amplifier is fed internally to the 
noninverting input of the output error amplifier. The 


MC1563R 


‘MC 1463R 


2N3771 
or Equiv 


FIGURE 26 — Typical NPN Current Boost Connection 


f 


inverting input to this amplifier is the Output Sense con- 


_ nection (Pin 8) of the regulator. A Darlington connected 


NPN power transistor is used to handle the load current. : 
The short-circuit current limiting resistor, Rgc, is con- 
nected in the emitter of this transistor to sample the full 
load current. This connection enables a four-diode string 
to limit the drive.current to the power transistors in a 
conventional manner. 

Stability and Compensation 


As has been seen, the MC1563 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of frequency instability due to excessive phase shift at high 
frequencies. Since the error amplifier is normally used at 
unity gain (the worst case for stability) a high impedance 
node is brought out for compensation. For normal oper- 
ation, a capacitor is connected between this point (Pin 7) 
and Pin $5. The recommended value of 0.001 uF will insure 
stability and still provide acceptable transient response 
(see Figure 21). It is also necessary to use an output ca- 
pacitor, Co, (typically 10 uF) directly from the output (Pin 
6) to ground. When an external transistor is used to boost 
the current, Co = 100 wF is recommended (see Figure 26). 


NPN CURRENT BOOSTING 


For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem- 
perature changes in the IC regulator arising from changes 


_ of the internal power dissipation, the NPN current-boost 


circuits of Figure 2 or 26, are recommended. The circuit | 
shown in Figure 26 can supply up to approximately 4.0 
amperes (subject to safe area limitations). At higher cur- 


_rents the Vgr of the pass transistor may itself exceed the 


threshold of the current limit even for Rgc = 0. Figure 2 
illustrates the use of an additional external diode from Pin 
4 for higher current operation or for pass transistors ex- 
hibiting higher VBE’s. It will probably be necessary to 
determine Rgc experimentally for each case where a pass 
transistor is used because VBE varies from device to device. 


The circuit of Figure 26 when set up for a'-10 V output : 


Igc, Short Circuit Load Current (Amperes) — 


0 02 04 06 O8 


1.0 1.2 1.4 16 18 2.0 


Rc, Current Limiting Resistor (Ohms) 


FIGURE 27 — Ic¢ versus Ree (reference Figure 26) 


(MC 1563 — Pg. 9) 
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‘MC 1563R 
MC1463R 


0.0225 W 


(Ra = 13 kQ) supply and operating with a - 15 V input, 
with a Rg¢ of 0.1 2, will yield a change in output voltage 
of only 26 mV over a load current range of from | mA 
to 3.5 A. . This corresponds to a de output impedance 
of only 7.5 milliohms or a percentage load regulation of 
0.26% for a full 3.5-ampere load current change. Figure 27 
indicates how the short circuit current varies with the value 
of Rgc for this circuit. 


PNP CURRENT BOOSTING 


A PNP power transistor can also be used to boost the 
load current capabilities. To improve the efficiency of the 
PNP boost configuration, particularly for small output 
voltages, the circuit of Figure 28, is recommended. An 


auxiliary -9 volt supply is used to power the IC regulator 


and the heavy load current is obtained from a second supply 
of lower voltage. For the 10-ampere regulator of Figure 


MJ3101 


2N3055 or Equiv 


or Equiv 
Vo=t5V 


MC 1569R 
MC1469R 


FIGURE 28 — PNP Current 


Boost Connection 


28 this represents a savings of 22 watts when compared 
with operating the regulator from the single -9 V supply. 


It can supply current to 10. amperes while requiring an 


input voltage to the collector of the pass transistor of -6.8 
volts minimum. The pass transistor is limited to 10 amperes 
by the added short-circuit current network in its emitter 
(Rgc2) and the IC regulator is limited to 500 mA in the 
conventional manner (Rgc}). The MJ450 exhibits a min- 


' imum hepgE of 20 at 10 amperes, thus requiring only 500 


mA from the MC1563R. Regulation of this circuit is com- 
parable to that of the NPN boost configuration. 

For higher output voltages the additional unregulated 
power supply is not required. The collector of the PNP 
boost transistor can tie directly to Pin'S and the internal 
current limit circuit will provide short-circuit protection 
using Rgc (see Figure 11). Transistor Q2 and Rgc? will 
not be required and Pin 2 should be returned to ground. 


(19 *400 mA max) 
Vo = +15 Vde 


Positive Regulator 


MC 1563R 
MC1463R 


C.= 0.001 uF > 


Rs = 1.8 


Negative Regulator 


FIGURE 29 —A+15 Vde Compiementary Tracking Regulator With Auxiliary +5.0 V Supply 


+Vo=l-Vol ~ 
Ral(kQ) +7 


5.1V_ 


MZ4625 
or Equiv 


Ir 


210 uF 
Vo = -15 Vdc} 


(IQ = 400 MA max)» 


(MC1563 ~ Pg. 10) 
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FIGURE 30 — Saturated Logic - 


Level Shutdown Circuit 


lo 


MC1563 
MC1463 


1 N4001 
or Equiv 


t Gate must be capable of Io >1mMA 
(For MOTL MC930/830 add 
10 kQ from +V¢c¢ to output.) 


POSITIVE AND NEGATIVE POWER SUPPLIES 

If the MC1563 is driven from a floating source it is 
possible to use it as a positive regulator by grounding the 
negative output terminal. The MC1563 may also be used 


with the MC1569 to provide completely independent - 


positive and negative power regulators with comparable 
performance. When used in this manner a silicon diode 
such as the 1N4001 must be connected as a clamp on the 
output with the cathode to ground and the anode to the 
negative output voltage. This is to prevent the positive 
voltage in the system from forcing the output to a positive 
value and preventing the MC1563 from starting up. 


Some applications may require complementary tracking. 


in which both supplies arrive at the voltage level simulta- 
neously, and variations in the magnitudes of. the two volt- 
ages track. Figures 3 and 29 illustrate this approach. In 
this application, the MC1563 is used as the reference regu- 
lator, establishing the negative output voltage. The MC1569 
positive regulator is used in a tracking mode by grounding 
one side of the differential amplifier (Pin’6 of the MC1569) 
and using the other side (Pin 5 of the MC1569) to sense 
- the voltage developed at the junctign of the two 3 k-ohm 
‘resistors. This differential amplifier controls the MC1569 
series pass transistor such that the voltage at Pin 5 will be 
zero. When the voltage at pin 5 equals zero, +/VQ| must 
equal - |Vo|. 
For the configuration shown in Figure 29, the level 
shift amplifier in the MC1569 is employed to generate an 
‘auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by Q1] and Q2. (The +5-volt supply, as shown, 


FIGURE 31 — MECL Logic 


Level Shutdown Circuit 


is not short-circuit protected.) The -15-volt supply varies 


less than 0.1 mV over a zero to ~300 mAdc current range 
and the +15-volt supply tracks this variation. The +15-volt 
supply varies 20 mV over the zero to +300-mAdc load 
current range. The +5-volt supply varies less than 5 mV 
for 0 < I, <200 mA with the other two voltages remain- 


_ ing unchanged. See MC1561 data sheet or MC1569 data 


sheet for information concerning latch-up when using plus 
and minus regulations. 


SHUTDOWN TECHNIQUES 


Pin 2 of the MC1563 is provided for the express pur- 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of a 
PNP transistor; which, if turned “ON”, will deny current 
to all the biasing current sources. This action causes the 
output to go to essentially zero volts and. the only current 
drawn by the IC regulator will be the. small start current 
through the 60 k-ohm start resistor (Vjn/60 kQ). This 
feature provides additional versatility in the applications 
of the MC1563. Various sub-systems may be placed ina 
“standby” mode to conserve power until actually needed. 
Or the power may be turned “OFF” in response to other 
occurrences such as over-heating, over-voltage,. shorted 
output, etc. ; a 

As an illustration of the first case, consider a system 
consisting of both positive-supply logic (MTTL) and 
negative-supply logic-(MECL). The MECL logic may be 
used in a high-speed arithmetic processor whose services 
are not continuously required. Substantial power may 


O Case/10 


2N706 

or Equiv 
. MC1563 | - 
S, MC1463 


(MC 1563 — Pg. 11) 
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© Case/10 6.8 k 


MC1563 © 
MC1463 


thus be conserved if the MECL circuitry remains un- 
powered except when needed. The negative regulator can 
be shutdown using any of the standard logic swings. For 
saturated logic.control, Figure 30 shows a circuit that allows 
the normal positive output swing to cause the regulator 
to shutdown when the logic output is in the low voltage 
state. The negative output levels of:a MECL gate can also 
"be used for shutdown control as shown in Figure 31. 


VOLTAGE BOOSTING - 
Some applications may require a high output voltage 


which may exceed the voltage rating of the MC1563. This | 


‘must be solved by assuring that-the IC regulator is operated 
within its limits. Three points in the regulator need to 
be considered: , 


1. The input voltage (Pin 4), . 
2. the output voltage (Pin 6) and, 


3. the output sense lead (Pin 8). 


2N3906 or Equiv 


ag : 1IN4761 or Equiv 
Nis 


1N4001 or Equiv 


Ge bd 


FIGURE 32 — Voltage Boosting Circuit 


A reduced input voltage can be provided by using a separate 
supply. The output voltage may be zener-level shifted, and 
the sense line can tie to a portion of the output voltage 
through a resistive divider. The voltage boost circuit of 
Figure 32 uses this approach to provide a -90 volt supply. 
This circuit will exhibit regulation of 0.001% over a 100 mA 
load current range: 


REMOTE SENSING 


- The MC1563 offers a remote sensing capability. This 
is important when the load is remote from the regulator, . 
as the resistances of the interconnecting lines (VEE and 
GND) are added directly to the output impedance of the - 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 33 shows how remote sensing is accom- . 
plished using both a separate sense line from Pin 8 and a 
separate ground line from the regulator to the remote load, 


MC1563 
MCi1463 


FIGURE 33 — Remote Sensing Circuit 


(MC 1563 — Pg. 12) 
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MC1563G 


MC1463G 


tz = 1 mA (max) 


Ra 
Vz =-3.5 (1+ —) 
Re 


FIGURE 34 — An Adjustable “Zero-TC” Voltage Source 


AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE REFERENCE 
SOURCE 

The MC1563, when used in conjunction with low-TC 
resistors, makes an excellent reference-voltage generator. 
- If the -3.5 volt reference voltage of the IC regulator is a 
- satisfactory value, then Pins 1 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 
reference having a typical temperature coefficient of 
0.002%/°C. By adding two resistors, RA and Rp, any 
voltage between -3.5 Vdc and -37 Vdc can be obtained 
with the same low TC (see Figure 34) 


THERMAL SHUTDOWN 

By setting a fixed voltage at Pin 2, the MC1563 chip 
can. be protected against excessive junction temperatures. 
caused by power. dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the 
base-emitter juriction of the shutdown transistor (-1.9 x 


270 


1N3826 
or Equiv 


1073V/°C). By setting -0.61 Vdc externally, at Pin 2, the 
regulator will shutdown when the chip temperature reaches 
approximately 140°C. Figure 35 shows a circuit that uses 
a zero-IC zener diode and a resistive divider to obtain 
this voltage. 

In the case where an external pass transistor is employed; 
its temperature, rather than that of the IC regulator, re- 
quires control. A technique similar to the one just dis- 
cussed can be used by directly monitoring the case tem- 
perature of the pass transistor as is indicated in Figure 36. 
The case of the normally “OFF” thermal monitoring 


- transistor, Q2, should be in thermal contact with, but 


0.1 BF 
-0.61 Vde 
O2 


electrically isolated from, the case of the boost tran- 
sistor, Ql. 


THERMAL CONSIDERATIONS 


Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 


MC1563 
MC1463 © 


* FIGURE 35 — Junction Temperature Limiting Shutdown Circuit 


(MC 1563 — Pg. 13) 
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the designer must use caution not to exceed the specified 
maximum junction temperature (+175°C). Exceeding this 
limit will reduce reliability at an exponential rate. Good 
heatsinking not only reduces the junction temperature for 
a given power dissipation; it also tends to improve the dc 
stability of the output voltage by reducing the junction 
temperature change resulting from a change in the power 
dissipation of the IC regulator. By using the derating factors 
or thermal resistance values given in the Maximum Ratings 
Table of this data sheet, junction temperature can be com- 
puted for any given application in the same manner as for 
a power transistor*. A short-circuit on the output terminal 
can produce a “worst-case” thermal condition especially 
if the maximum input voltage is applied simultaneously 
with the maximum value of short-circuit load current 
(500 mA). Care should be taken not to exceed the max- 
imum junction temperature rating during this fault condi- 
tion and, in addition, the dc safe operating area limit (see 
Figure 22). 

Thermal characteristics for a voltage regulator are useful 
in predicting performance since dc load and line regulation 
are affected by changes in junction temperature. These 
temperature changes can result from either a change in 
the ambient temperature, TA, or a change in the power 
dissipated in the IC regulator. The effects of ambient 


*For more detailed information of methods used to com- 

pute junction temperature, see Motorola Application 
Note. AN-226, Measurement of Thermal Properties of 
Semiconductors. 


2N2221 
or Equiv 
{ 


1N4001 
or Equiv 


temperature change on the dc output voltage can be esti- 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as +0.002%/°C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the de load 
current, three effects must be considered: 


1. junction temperature change due to the change in 
the power dissipation 


2. output voltage decrease due to the finite output 
' impedance of the control amplifier 


3. thermal gradient on the IC chip. 


A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
“gradient coefficient,” GCVo, can be used to describe this 
effect and is typically +0.03%/watt for the MC1563R. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 


Given:  MC1563R 
with Vy=-10 Vdc 
Vo =-5 Vde 
and I = 100 mA to 200 mA 
(Aly = 100 mA) 
Ta = +25°C 


assume 


TO-66 Type Case with heatsink 


MC1563 
MC1463 


FIGURE 36 — Thermal Shutdown When Using External Pass Transistors 


(MC 1563 — Pg. 14) 
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assume Rgcg = 0.2°C/W 
and Rega = 2°C/W 
It is desired to find the 4 VQ which results from this AIL. 


Each of the three previously stated effects on Vo can now 
be separately considered. , 


1, AVQ due toaTy 


AVQ = (VQ) (APp)(AVO/AT) (Ra jc+RecstResa) | 


A Vo = (5 V\(5Vx0.1 A+0.002%/9C)(19.2°C/W) 
AVQ ~£1.0mW ~ 
2. AVO due to Zo 
~ 1AVO!= (-Zo)(IL) . 
IAVo!=-(2x 10-2)(107!) = -2 mv 


3, AVO due to gradient coefficient, AVQ/AG 
|A Vo! = (AVo/AGKVo)(APp) | 
|A Vol = (+3 x 1074/W)5 volts)(5 x 107! w) 
|A Vol = +0.8 mV 


Therefore the total A Vo is given by 


|A Vo total| = + 1.0-2.0+0.8 mV 
-2.2 mV <|Vo total| <-0.2 mV 


. Other operating conditions may be substituted and com- 


puted in a similar manner to evaluate the relative effects 
of the parameters. 


Typical Printed Circuit Board Layout 


(MC1563 — Pg. 15) 
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FIGURE 37 — Location of Components 


Note 1: 
When Raqj is used it is necessary to remove the copper 
which shorts out Ragj- 


Note 2: 

xtra holes are available in the circuit board to permit 
two resistors to be paralleled to obtain the ‘desired 
value Of Reg. 


Note 3: 
If Pin 2 is used to shut down the regulator, remove the 
_ copper which!shorts Pin 2 to ground. 


Note 4; 


Remote sensing can be achieved by removing the copper 
which shorts Pin 8 to Pin 6 and connecting Pin 8 directly 
to the ‘‘minus”’ load terminal. The circuit board ground - 


. 54 Co a1 Radj ; , should be connected to the unregulated power supply 
a oe eee : ground at the ‘‘plus’’ Joad terminal. 


Typical Circuit Connection for Output Voltages Between -3.5 and -37 Volts 


MC1563R 
MC1463R 


Vo 


PARTS LIST 


Select 
6.8k 
Select !RC Model X-201, Mallory Model MTC-1 
-or equivalent — : 
Select 1/2 watt carbon 
Select For minimum current of 1: mAdc 
10 pF Sprague 1500 Series, Dickson D10C series ‘ ; 
or equivalent .. 
0.1 uF : Ceramic Disc — Centralab DDA104, or equivalent 
0,001 uF Sprague TG-P10, or equivalent 
, Jumper 


1/4 or 1/2 watt carbon 


MC1563R or MC1463R 
Heatsink Thermalloy #61688 or equivalent 


“Socket (Not Shown) Robinson Nugent #0001306 or equivalent 
5 Electronic Molding Carp. #6341-210-1, 


_6348-188-1, 6349-1 88-1 or equivalent 


PC Board Circuit DOT, Inc. #PC1113 or equivalent 
1155 W. 23rd St. 
Tempe, Arizona 85281 


“Optional 
(MC1563 — Pg. 16) 
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MONOLITHIC VOLTAGE AND 
CURRENT REGULATOR 


PRECISION WIDE-RANGE 
VOLTAGE and 
“CURRENT REGULATOR 


EPITAXIAL PASSIVATED 
INTEGRATED CIRCUIT 


This unique ‘‘floating’’ regulator can deliver hundreds of volts — 
limited only by the breakdown voltage of the external series pass tran- 
sistor. Output voltage and output current are adjustable. The MC1466/ 
MC1566 integrated circuit voltage and current regulator is designed to 
give “laboratory” power-supply performance. 


Voltage/Current Regulation with Automatic Crossover 
Excellent Line Voltage Regulation, 0.01% +1.0 mV 
Excellent Load Voltage Regulation, 0.01% +1.0 mV 
Excellent Current Regulation, 0.1% +1.0 mA 


CERAMIC PACKAGE 
CASE 632 
TO-116 


Short-Circuit Protection 
Output Voltage Adjustable to Zero Volts 


ORDERING INFORMATION 


MC1466L 0°C to +70° C Ceramic DIP 


MC1566L —55°C to +125°C Ceramic DIP 


internal Reference Voltage 


Adjustable Internal Current Source 


TYPICAL APPLICATIONS 


FIGURE 1 — 0-TO-15 VDC, 10-AMPERES REGULATOR FIGURE 2 — 0-TO-40 VDC, 0.5-AMPERE REGULATOR 


MC 1466 
MC 1566 


1N4G01 


@. 
OR EQUIV 

Eee 
NA 0 36 

85k 18k. 500 

hk : . i . 
VOLTAGE ue EOui 

ADJUST : 


Pins | and 4 no connection. 


FIGURE 3 — 0-TO-250 VDC, 0.1-AMPERE REGULATOR 


1N4006 OR EQUIV 


MC 1466 
MC1566 


Sug EE on 
5k 1 50! 
ke ge 3 : INPUT Vp 


t 


(R=Yp-20 FOR vp<20 vac, A= 0) 
O02 


Pins 1,2,3, and 4 no connection, 
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MAXIMUM RATINGS (Ta = +25° unless otherwise noted) 


Auxitiary Voltage 


Derate above Ta = +50°C 
* Operating Temperature Range 


2N2222 
OR EQUIV 


MC 1466" 
C1566 


1, 2N2222 
5 OR Equiv 


5— 


MC1466° 
MC 1566 


MCt465* 
MC1S66 


Pins 


Power Dissipation (Package Limitation) ; 


Storage Temperature Range 


MC 1466 
MC 1566 


Vesa 
TA : 
MC 1466 
MC1566 


Auxiliary Voltage (See Notes 1 & 2) 
(Voltage from pin 14 to pin 7) MC1466 
MC1566 


Auxiliary Current 
MC 1466 
MC 1566 


Internal Reference Voltage 
(Voltage from pin 12 topin7) MC1466 


MC 1566 


Reference Current (See Note 3) 
MC1466 
MC 1566 


Input Current-Pin 8 
MC 1466 
MC1566 


Power Dissipation 
MC 1466 
MC 1566 


input Offset Voltage, Voltage Control 
Amplifier (See Note 4) MC 1466 
; MC 1566 


Load Voltage Regulation 
(See Note 5) MC 1466 


MC1566 


MC 1466 
MC1566 


Line Voltage Regulation 
(See Note 6) MC1466 


MC1566 


MC1466 
MC 1566 


Temperature Coefficient of Output Voltage 
(Ta = 0 to +75°C) MC 1466 
(Ta = —55 to +25°C) MC 1566 
(Ta = +25 to +125°C) MC 1566 


‘| input Offset Voltage, Current Control 


Amplifier (See Note 4) MC1466 
(Voltage from pin 10 to pin 11) MC1566 


Load Current Regulation 
(See Note 7) MC 1466 


MC1566 


MC1466 
'MC1566 
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0 to +70 
55 to +125 


Vaux 
21 
20 
VIR 
17.3 
17.5 
lref 
0.8 
; 0.9 
0 
3.0 
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NOTE 1: 
The instantaneous input voltage, Vaux, Must not exceed 
the maximum value of 30 volts for the MC 1466 or 35 


volts for the MC1566., The instantanéous value of Vaux - 


must be greater than 20 volts for the MC1566 or 21 
volts for the MC1466 for proper internal regulation. 
NOTE 2: ; 
The auxiliary suppty voltage Vayx, must float” and be 
electrically isolated from the unregulated high voltage 
supply, Vin. , 
NOTE 3: 
Reference current may be set to any value of current 
less than 1.2 médc by applying the relationship: 


Iref (mA) = ‘ 


Ry (kK) 
NOTE 4: 
A built-in offset voltage (15 mVdc nominal) is provided 
so that the power supply output voltage or current may 
be adjusted to zero. 
NOTE 5: 
Load Voltage Regulation is a function of two additive 
components, AVioy and AVyef, where AVijoy is the 
change in input offset voltage (measured between pins 8 
and 9) and AVref is the change in voltage across R2 
(measured between pin 8 and ground). Each component 
may. be measured separately or the sum may be 
measured across the load. The measurement procedure 
for the test circuit shown is: 
a. With S1 open (14 = 0) measure the value of Vioy (1) 
and Vref (1) 
b. Close $1, adjust R4 so that |4 = 500 wA and note 
Viov (2) and Vref (2). 
Then AVioy = Viov (1) — Viov (2) 
% Reference Regulation = 


< MWret 
[Vref (1) Vref (2)} (100%) = (100%) 


. Vref (1) Vret 


_ INTERNAL © 
REGULATED 
VOLTAGE 


1] 
aux O INTERNAL 
. VOLTAGE 


INTERNAL a8 | REGULATOR 


COMPENSATION 5 
~V, 


REFERENCE 
CURRENT 
SOURCE 


aux -O 


O3 
CURRENT 
SOURCE 


INTERNAL 
VOLTAGE 
REGULATOR 


REFERENCE 
CURRENT 
SOURCE 


_Load Voltage Reguiation = 


AV ref (100%) + AVioy * 
Vref 
“NOTE 6: 
Line Voltage Regulation is a function of the same two 
- additive components as Load Voltage Regulation, AVioy 
and AV ref (see note 5}. The measurement procedure is: 
a. Set the auxiliary voltage, Vaux, to 22 volts for 
. the MC1566 or the MC1466. Read the value of 
Viov (1) 49d Vref (1): 
b. Change the Vay, to 28 volts for the MC1566 or 
the MC1466 and note the value of Vioy (2) and 
Vref(2). Then compute Line Voltage Regulation: 


AViov = AViov (1) ~ Viov (2) 
% Reference Regulation = 


(Vref (1) — Veet (21) | 499%) = AV ref (100%) 
ref (1) Vref | 
Line Voltage Regulation = 


AV et (100%) + AViov « 
Vref 
NOTE 7: : 
Load Current Regulation is measured by the following 
procedure: . 
a. With S2 open, adjust R3 for an initial load current, 
IL(1), such that Vo is 8.0 Vdc. 
b. With S2 closed, adjust RT for Vg = 1.0.Vdc and read 
1(2). Then Load Current Regulation = 
('L¢2) — IL(1)) 
IL) 
where lref is 1.0 mAdc, Load Current Regulation is 
specified in this manner because lre¢ passes through 
the load in a direction opposite that of foad current ~ 
and does not pass through the current sense re- 
sistor, Rs. : 


( 100%) + lref 


FIGURE 5 
BLOCK DIAGRAM 


VOLTAGE 
CONTROL 
AMPLIFIER 


CONTROL 


OUTPUT 
AMPLIFIER AMPLIFIER 


COMPENSATION 


O8 O OW Oli 
VOLTAGE CURRENT 
SENSE INPUT SENSE INPUT 


CIRCUIT SCHEMATIC 


CURRENT 
CONTROL 
AMPLIFIER 


OUTPUT 
AMPLIFIER 


VOLTAGE 
CONTROL 
AMPLIFIER 
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' FIGURE 6 — TYPICAL CIRCUIT CONNECTION 


110 V (rms) 


FUSE 


. Constant Voltage: 

For constant voltage operation, output voltage Vo i is given by: 
Vo * (Ire) (R92) 

where R2 is the resistance from pin 8 to ground and lref is the 

output current of pin 3. 


The recommended value of Ire¢-is 1.0 mAdc. Resistor R1 sets 
the vatue of lre¢: 


8.5 
ref = Ry 


where R11 is the resistance between pins 2 and 12. 


. Constant Current: 


For constant current operation: 


' (a) Select Rg for'a 250 mV drop at the maximum desired regu- 
_ lated output current, imax. 


tb) Adjust potentiometer R3 to set constant current output at 
desired value between zero and Imax: 


. tf Vin isgreater than 20 Vdc, CR2, CR3, and CR4 are necessary 
to protect the MC1466/MC1566 during short-circuit or transient 
conditions. 


i In applications where very low output noise is desired, R2 may 


be bypassed with C1 (0.1 uF. to 2.0 uF). When R2 is bypassed, 


CR11 is necessary for protection during short-circuit conditions. 


. CRS is recommended to protect the MC1466/MC1566 from 
simultaneous pass transistor failure and output short-circuit. 


6. 


10. 


11. 


CURRENT 
LIMIT - 
ADJUST 


‘a 
Pins 1 and 4 no connection. T 


NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 


The RC network (10 pF, 240 pF, 1.2 k ohms) is used for 
compensation. The values shown are valid for all applications. 
However, the 10 pF capacitor may be omitted if f; of Q1 and 
Q2 is greater than 0.5 MHz. : 


. For remote sense applications, the positive voltage sense termi- 


nal (pin 9) is connected to the positive load terminal! through a 
separate sense lead; and the negative sense terminal (the ground 
side of R2) is connected to the negative load terminal through 
a separate sense lead. 


. Co may be selected by using the relationship: 


Co = (100 uF) IL(max). where IL (max) is the maximum load 
current in amperes. 


C2 is necessary for the internal compensation of the MC1466/ 
MC1566, 
For optimum regulation, current out of pin 5, ts, should not. 
exceed: 0.5 mAdc. Therefore select Q1 and Q2 such that: 
Imax 
6182 
where: Imax = 
81 = minimum beta of Q1 
82 = minimum beta of O2 
Although Pin § will source up to 1.5 mAdc, Ig > 0.5 mAdc 
will result in a degradation in regulation. 


CR6 is recommended when Vg > 150 Vdc and should be rated 
auch that Peak Inverse Voltage > Vo 


0.5 mAdc 


maximum short-circuit load current (mAdc) 


12. In applications where R2 might be rapidly reduced in value, it - 
is recommended that CR3 be replaced by Q2 and R4. 


c1 


0.1 WF ci 


CR2 


R2 


9 


Q2. 


This design consideration prevents R2 from being destroyed . 
by excessive discharge current from Cy. Components O2 and 
R4 should be selected such that: 


R2 


R4=-—— and 


BVcEQ of Q2 + Vo 
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OPERATION AND APPLICATIONS 
This section describes the operation and design of the MC1566/MCi466 voltage and current repulator and also provides 


information on useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 
Applications 


Transient Failures 
Voltage/Current-Mode Indicator 


THEORY OF OPERATION 


The ‘schematic of Figure 5 can be simplified by break- 
ing it down into basic functions, beginning with a simplified 
version of the voltage reference, Figure 7. Zener diodes 
CRI and CRS with their associated forward biased diodes 
CR2 through CR4 and CR6 through CR8 form the stable 
reference needed to balance the differential amplifier. At 
balance (Vp = VBp2), the output voltage, (Vi2 — V7), 
is at a value that is twice the drop across either of the two 
diode strings: Vj2 — V7 = 2 (VcRi + VCR2 + VCR3 + 
VcrR4). Other voltages, temperature compensated or other- 
wise, are also derived from these diodes strings for use in 
other parts of the circuit. 


The voltage controlled current source (Figure 8) is a 
PNP-NPN composite which, due to the high NPN beta, 


FIGURE 7 — REFERENCE VOLTAGE REGULATOR 


Equivalent 
Diode Vz ~39 V 


Regulated 
Voltage 
18V 


Equivalent 
Olode 
V2~9OV 


yields a good working PNP from.a lateral device working 
at a collector current of only a few microamperes. Its base 
voltage (VB>) is derived from a temperature compensated 
portion of the diode string and consequently the overall 


‘ current is dependent on the value of emitter resistor RI. 
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Temperature compensation of the base emitter junction 
of Q3 is not important because approximately 9 volts 
exists between Vp, and V12, making the AVBp’s very 
small in percentage. Circuit reference voltage is derived 
from the product of Ip and Rp; if Ip is set at 1 mA 
(R1 = 8.5 kQ), then RR (in kQ) = Vo. Other values of 
current may be used as long as the following restraints are 
kept in mind: 1) package dissipation will be increased by 
about 11 mW/mA and 2) bias current for the voltage control 
amplifier is 3 uA, temperature dependent, and is extracted 
from the reference current. The reference current should - 


FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE 


R1 


MC1466L, MC1566L 


be at least two orders of magnitude above the largest ex- 
pected bias current. 


Loop amplification in the constant voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high-gain differential amplifier. The inputs are 
diode-protected against differential overvoltages and an 
emitter degenerating resistor, ROS, has been added to one 
of the transistors. For an emitter current in both Q5 and 
Q6 of 1/2 milliampere there will exist a preset offset volt- 
age in this differential amplifier of 15 mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. Without Ros, the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (Q9) it will be more instructive to look at the gain on 
a transconductance basis rather than voltage gain. Trans- 
conductance of the differential stage is defined for small 
signals as: 


I 


= l 
2re + RE (1) 


§m = 
- where 


~ 


re ae and 


RE = added emitter degenerating resistance. 


For [f = 0.5 mA, 


1 


= -.- = 2 
&m. 104 +30 (2) 


1 
134 75 mA/volt. 


FIGURE 9 — VOLTAGE CONTROL AMPLIFIER 


_ Preregulated 
18V 


_ + Output Sense 


Reference Voltage 
Va 
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FIGURE 10 — CURRENT CONTROL CIRCUIT 


This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance is 
about 300 mA/volt. 

A second differential stage nearly identical to the first 
stage, serves as the current control amplifier (Figure 10). 
The gain of this stage insures a rapid crossover from the 
constant voltage to constant current modes and provides 
a convenient point to control the maximum deliverable 
load current. In use, a reference voltage derived from the 
preregulator and a voltage divider is applied to pin 10 
while the output current is sampled across Rg by pin 11. 
When I, Rg is 15 mV below the reference value, voltage 
Vj begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output current to a value of 
V2/Rs. If V2 is derived from a variable source, short 
circuit current may be controlled over the complete out- 
put current capability of the regulator. Since the constant- 
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current limit and accordingly shows a very sharp 
“knee” (1% +1 mA, Figure 11). Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than Vp. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 


FIGURE 11 — V,; CURVE FOR 0-TO-40 V, 
0.5-AMPERE REGULATOR 


V, VOLTAGE (VOLTS) 


0.2 03 04 0.5 
|, CURRENT (AMPERES) 


0.1 
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Transistor Q9 and five diodes comprise the essential 
parts of the output stage (Figure 12). The diodes perform 
an “OR” function which allows only one mode of operation 
at a time - constant current or constant voltage. However, 
an additional stage (Q9) must be included to invert the 


logic and make it compatible with the driving requirements 
of series pass transistors as well as provide additional gain. 
A 1.5 mA collector current source sets. the maximum de- 
liverable output current and boosts the output impedance 
to that of the current source. 

Note that the negative (substrate) side of the MC1566/ 
MC 1466 is. 7.25 volts lower than the output voltage, and 
the reference regulator guarantees that the positive side is 
11 volts above the output. Thus the IC remains at a voltage 
(relative to ground) solely dependent on the output, “‘float- 
ing” above and below Vo. VCE across Q9 is only two or 
three VBp’s depending on the number of transistors used 
in the series pass configuration. 

- Performance characteristics of the regulator may be 
approximately calculated for a given circuit (Figure 2). 


Assuming that the two added transistors (Q12 and Q13) © 


have minimum beta’s of 20, then the overall regulator 
transconductance will be: 


gmt = (400) 300 mA/volt = 120 A/volt. (3) 
For a change in current of 500 mA the output voltage 
will drop only: 


0.5 
AV =— =4.2mV. 


4 
‘a (4) 


FIGURE 12 — MC1566 OUTPUT STAGE 


Preregulated 
18 Vv 
From Current From Voltage 


Controt Amplifier 


_.,Control Amplifier 


The analysis thus far does not consider changes in Vr 
due to output current changes. If IL increases by 500 mA 
the collector current of Q9 decreases by 1.25 mA, causing 
the collector current of Q5 to increase by 30 uA. Accord- 
ingly, Ip will be decreased by ~0.30 uA which will drop: — 
the output by 0.03%. This figure may be improved con- 
siderably by either using high beta devices as the pass ° 
transistors, or by increasing IR. Note again, however, that 
the maximum power rating of the package must be kept 
in mind. For example if IR = 4 mA, power dissipation is 


Pp = 20 V(8 mA) + (11 V x 3 mA) = 193 mW. (5) 


This indicates that the circuit may be safely operated up 
to 118°C using 20 volts at the auxiliary supply voltage. . 
If, however, the auxiliary supply voltage is 35 volts, 


Pp = 35 V(8 mA) + 26 V (3 mA) = 358 mW: (6) 


which dictates that the maximum operating temperature 


. must be less than 91°C to keep paneer dissipation within 


AWA 


ter. 


specified limits. 
Line voltage regulation is also a function of the voltage — 
change between pins 8 and 9, and the change of Vref. In 
this case, however, these voltages change due. to changes in 
the internal regulator’s voltages, which in turn are caused 
by changes in Vayx. Note that line voltage regulation is 
not a function of Vin. Note also that the instantaneous 
value of Vayx must always be betweén 20 and 35 volts. 


Figure 6 shows six external diodes (CR] to CRg) added 
for protective purposes. CR should be used if the output 
voltage is less than 20 volts and CR2, CR3 are absent. For 
Vo higher than 20 volts, CR should be discarded in favor 
of CR2 and CR3. - Diode CR4 prevents IC failure if the 
series pass transistors develop collector-base shorts while 
the main power transistor suffers a simultaneous open emit- 
If the possibility of ‘such a transistor failure mode 
seems remote, CRq may be deleted. To prevent instant- - 
aneous differential and common-mode breakdown of the 
current sense amplifier, CRS must be placed across the 
current limit resistor Rg. 

Load transients occasionally produce a damaging reversal 
of current flow from output to input Vo > 150 volts (which 
will destroy the IC). Diode CRg¢, prevents such reversal 
and renders the circuit immune from destruction for such 
conditions, e.g., adding a large output capacitor after the 
supply is turned “ton”. Diodes CR}, CR2, CR3, and CR5 
may be general purpose silicon units such as 1N4001 or 
equivalent whereas CR4 and CR¢ should have a ey inverse 
voltage tating equal to Vin or greater. 


APPLICATIONS 
Figure 2 shows a typical 0-to-40 volts, 0.5-ampere reg- 


ulator with better than 0.01% performance, The RC net- 
work between pins 5 and 6.and the capacitor between pins 


13 and 14 provide frequency compensation for the MC1566/ 


MC1466. The external pass transistors are used to boost 
load current, since the output current of the regulator is 


less than 2 mA. i 


MC1466L, MC1566L 


/ 


Figure 1 is a 0-to-15 volts, 10-ampere regulator with the 
pass transistor, configuration necessary to boost the load 
current to 10 amperes. Note that Co has been increased to 
1000 uF following the general rule: 


Co = 100 wF/A IL. 


The prime advantage of the MC1566/MC1466 is its use 
as a high voltage regulator, as shown in Figure 3. This 
0-to-250 volts 0.1-ampere regulator is typical of high volt- 
age applications, limited only by the breakdown and safe 
areas of the output pass transistors. - 


The primary limiting factor in high voltage series regula- 
tors is the pass transistor. Figure 13 shows a safe area curve 
for the MJ413. Looking at Figure 3, we see that if the 
output is shorted, the transistor will have a collector cur- 
rent of 100 mA, with a VCE approximately equal to 260 
volts. Thus this point falls on the dc line of the safe area 
curve, insuring that the transistor will not enter secondary 
breakdown. 


In this respect (Safe Operating Area) the foldback circuit 
of Figure 14 is superior for handling high voltages and yet 
is short-circuit protected. This is due tothe fact that load 
current is diminished as output voltage drops (VCE increases 
as Vo drops) as seen in Figure 15. By careful design the 
load current at a short, Ig¢ can be made low enough such 
that the combined VcEg (Vjn) and Isc still falls within the 
dc safe operating area of the transistor. For the illustrated 
design (Figure 14), an input voltage of 210 volts is compa- 


o 'c, COLLECTOR CURRENT (AMPERES) 


tible with a short-circuit current of 100 mA. Yet current 
foldback allows us to design for a maximum regulated load 
current of 500 mA. The pertinent design equations are: 


Let R2 (kQ) = Vo 


Vo Ulsc 

Ry (kQ) = -—~ Vo 
_ 0.25 

RSC = Ta) Isc 


7.0|.—~ SECONDARY BREAKDOWN LIMITATION 
~~ FEW — THERMAL LIMITATION AT To 25 C 
(BASE-EMITTER DISSIPATION IS 
PERCEPTIBLE ABOVE tc SA) 


The Safe Operating Area Curves indi 
cate Ic -Veg limits below which the device 
will not enter secondary breakdown. Col- 

O. 1} lector load lines for specific circuits must 
fail within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
insure operation below the maximum T,, 
power-temperature derating must be 
observed for both steady state and pulse 
power conditions 


| Lt | 
nell 


a 
U |] 
Hy = 


01 J , 
1.00 2.0 4.06.0 10 20 4060 100 200 400 1000 | 


Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 — A 200 V, 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK 


MC1466 
MC1566 


1N4001 
OR EQUIV 


1N4005 
~ OR EQUIV 


MJ421 
OR EQUIV 


MJ413 OR EQUIV 


Rgc 2.5 2/1W 


MC1466L, MC1566L 


The terms Ig¢ and I, correspond to the short-circuit 
current and maximum available load current as shown in . 
Figure 15. 


FIGURE 15 — TYPICAL FOLDBACK PERFORMANCE 


Vo, OUTPUT VOLTAGE (Vdc) 


lg, OUTPUT CURRENT (mAdc) 


Figure 16 shows a remote sense application which should 
be used when high current or long wire lengths are used. 
This type of wiring is recommended for any application 
where the best possible regulation is desired. Since the 


sense lines draw only a small current, large voltage drops. 


do not destroy the excellent regulation of the MC1566/ 
MC 1466. 


TRANSIENT FAILURES 


In industrial areas where electrical machinery is used 


the normal ac line often contains bursts of voltage running . 
from hundreds to thousands of volts in magnitude and only 
microseconds in duration. Under some conditions this en- 
ergy is dissipated across the internal zener connected be- 
tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. This type of failure is identified by absence 
of the 7-volt zener (CRI) between pin 9 and pin 7. To pre- 
vent this failure mode the use of a shielded power 
transformer is recommended, as shown in Figure 6. In 
addition, it is recommended that C1, C3 and C4 be 
included to aid in transient repression. These capacitors 
should have good high frequency characteristics. 

If the possibility of transients on the output exists, the 
addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added. 


VOLTAGE/CURRENT — MODE INDICATOR 
There may be times when it is desirable to know when 
the MC1566/MC1466 is in the constant current mode or 
constant voltage mode. A mode indicator can be easily 
added to provide this feature. Figure 18 shows how a PNP 
transistor has replaced a protection doide between pins 8 
and 9 of Figure 2. When the MC1566/MC1466 goes from 
constant voltage mode to constant current mode, Vo will 
drop below Vg and the PNP transistor will turn on. The 
1-mA ‘current supplied by pin 8 will now be shunted to 
base of Q2 thereby turning on the indicator device I1. 


FIGURE 16 — REMOTE SENSE 


All diodes are 
- 1N4001 or 
equivalent. 


Note: Alt Ground Connections at Load Site. 


MJE340 
OR EQUIV 


OR EQUIV 
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MC1466L, MC1566L 


FIGURE 17 — A 0-TO-250 VOLT, 0.1-AMPERE REGULATOR 
; MJE340 OR EQUIV 


Vin * 260 V 


MJ413 OR EQUIV 


All diodes are 
1N4001 or 
equivalent. 


MPS6565 
OR EQUIV 


2N4922 
MC1466 OR EQUIV 


MC1566 


Vc. (CONTROL VOLTAGE TO SCHMITT TRIGGER) 


*Select Q1 such that VcEQ—> Vo. 


4-37 


| Me1468 
MC1568 


DUAL +15-VOLT 


By At +15-VOLT REGULATOR TRACKING REGULATOR 


The MC 1568/MC 1468 is a dual polarity tracking regulator designed 
to provide balanced positive and negative output voltages at currents 
to 100 mA. {nternally, the device is set for + 15-volt outputs but an 
external adjustment can be used to change both outputs simul- 
taneously from 8.0 to 20 volts. Input voltages up to + 30 volts can 
be used and there is provision for adjustable current limiting. The 
device is available in three package types to accomodate various 
power requirements. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Internally set to +15 V Tracking Outputs 

Output Currents to 100 mA 

Outputs Balanced to within 1% (MC1568) 
~ Line and Load Regulation of 0.06% 


e 

e {bottom view) 
e 

@ 

@ 1% Maximum Output Variation due to Temperature Changes 

e 

e 

e 

e 


CASE 603C 
METAL PACKAGE 
TO-100 


3 G SUFFIX 
Standby Current Drain of 3.0 mA 


‘Externally Adjustable Current Limit 
Remote Sensing Provisions 
Case is at Ground Potential (R suffix package) 


CIRCUIT SCHEMATIC CASE 614 


METAL PACKAGE 
R SUFFIX 


O SENSE (+} 


en CASE 632 


CERAMIC PACKAGE 
TO-116 
L SUFFIX 


(2) SAL ANCE 
ADJUST 
{L packaye only) 


(top view) 


a kas: 


VOLTAGE 
SND O10) ADJUST OCOMPEN( } 
(14) 812) 


MC1468G 
MC1568G 
BSP C1 125°C 
E50 C10 $1256 


Pin numbers adjacent to terminals are for the G Pin 10 is ground ior the G suffix package only. 
and R suffix packages only. Pin numbers in pa- For the R package, the case is ground. 
rentheses are for the L suffix packaye only. 
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MC 1468, MC 1568 : 


MAXIMUM RATINGS (Tc = +25°C unless otherwise noted.) 


ey eee RT 


Input Voltage Vec.| Vee | 


Power Dissipation and Thermal Characteristics — . G nace R Package | L Package 


Ta = +28°C 

Derate above Ta = +25°C 

Thermal Resistance, Junction to Air 
Tc = +25°C 

Derate above Tc = +25°C 

‘Thermal Resistance, Junction to Case 


OPERATING TEMPERATURE RANGE 


Ambient Temperature 


MC1468 ie 0 to +70 
MC1568 | 455 to +125 


atl 


ELECTRICAL CHARACTERISTICS (Vcc = = V, VEE = -20 V, C1 = C2 = 1500 pF, C3= C4= 1.0uF, Rgc* = Rgc™ = 4.0.9, 
itt = IL-7 = 0, Te = +25°C unless otherwise noted.) (See Figure 1.) 


[werses crass. 
———_ as aa Typ Hef Me Typ — 
#15 


nn 
fia 


He 

w& 
ee 
2. 
oO 


Line Regulation Voltage. 
(Vin =.18 V to 30 V) 
(Tron t0 Thigk 
Load Regulation Voltage 
(I, = 0 to 50 mA, Ty = constant) 
(Ta = Tlow to Thigh) 
Output Voltage Range 
L Package (See Figure 4.) 
R and G Packages (See Figures 2 and 13.) 


10 
20 


Short-Circuit Current Limit 
(Rgo = 10 ohms) 


“Output Noise Voltage HV(RMS) | 


(BW = 100 Hz - 10: kHz) . 


Positive Standby Current 
(Vin = +30 Vv) 


Negative Standby Current 
(Vin = ai -30 Vv) 


Long-Term Stability 


® Tiow = 0°C for MC1468 ®@ Thigh = +70°C for MC1468 
= -§5°C for MC1568 = +125°C for MC1568 


' %/k Hr 
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MC1468, MC1568 


FIGURE 1 — BASIC 50-mA REGULATOR 


47 ‘Vo 
+15V 


SENSE (+) 
COMPEN (+) 


INPUT (+) 


MC 1568 


MC 1468 GND 


GNO 


Rsc~ 


C3 and C4 may he increased to improve load 
transient response and to reduce the output 
“noise voltage. At low temperature operation, it 
may be necessary to bypass C4 with a 0.1 uF 
ceramic disc capacitor. 


C1 and C2 should be located as close 
to the device as possible. A 0.1 yF ceramic 
capacitor (Cin) may be required on the input 
lines if the device is located an appreciable 
distance from the rectifier filter capacitors. 


FIGURE 3 — +1.5-AMPERE REGULATOR 
(Short-Circuit Protected, with Proper Heatsinking) 
(Metal-Packaged Devices Only, R Suffix) 


Mm’ 2955 


+ 
INPUT (+) OR EQUIV 


(+20 V to +30 V) 


MC1568R 


MC 1468R 


-15 Vde 


INPUT (.) 


(-20Vt0-30.v) —__ 2N3055 


OR EQUIV 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 


complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


TYPICAL APPLICATIONS 


FIGURE 2 — VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 


(14.5 VS Vout S20 V) 


Rsc* +Vo 


C3 
1.0 pF 


Vo* SENSE (+) 


Vadj 
INPUT (+) 


GND 


MC 1568 
MC 1468 


INPUT (-) 


c4 


COMPEN ({-) 
1.0 pF 


SENSE (-) Balagj 


VEE 


Vo° 


Rsc- 


Balance aljust available in MC 1568L, MC 1468L ceramic 
duat in-line package only. 


FIGURE 4 — OUTPUT VOLTAGE ADJUSTMENT 


FOR 8.0V <l4Vo |< 145V 
(Ceramic-Packaged Devices Only, L Suffix.) 


Rsc* 


Vor 
vec 
COMPEN (+) 


MC1568L 
MC 1468L 


SENSE (+) a3: 


15k 


INPUT (+) 


GNO Balad} 


COMPEN (-) 


SENSE (-) 


INPUT {-) R4 


The presence of the Balad), pin 2, on devices Some common design values are listed below: 


housed in the dual in-line package (L suffix) allows 3 
the user to adjust the output voltages down to _2¥0.V)_R2__ Te Vo (%/9C) Ip + (mA) 
+8.0 V. The required vatue of resistor R2 can * 4 12k 0.003 10 
calculated from 12 1.8k 0,022 7.2 
att) 3.5k 0.025 5.0 
Ri Rint (9 + Vz) 8.0 eo 0.028 2.6 


~ Rint (Vo -0-Vz) -0 RI 
Where: Rint = Antnternal Resistor = RY = 1 ki 
07 0.68V ¢ 
V2=6.6V 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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-MC1468, MC1568 


Isc, SHORT-CIRCUIT CURRENT (mA) 


o 


OUTPUT VOLTAGE DEVIATION (mV) 


I+. IL7, TOFAL LOAD CURRENT (mA) 


200 


TYPICAL CHARACTERISTICS 


(Voc = +20 V, VEE = -20 V, Vo = £15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 5 — LOAD REGULATION 


NEGATIVE OUTPUT - 
a 


5§9C <Ta <+1259C 
——| | 
Pt Pete, 


Rsc =.4.0 OHMS 
Tj=Ta 


60 


IL, LOAD CURRENT {mA) 


FIGURE 7 — MAXIMUM CURRENT CAPABILITY 


Vin: Vo =3.0V 
: Voc =/VEE! 


0 +25 +50 +75 
TA, AMBIENT TEMPERATURE (°C) 


FIGURE 9-~ Isc versus Rgc 


A 


a 

eI 
-_ 
ca 
Fa 
a 
ai 
ria 
cer 


Rgc, SHORT-CIRCUIT RESISTOR (OHMS) 


as 
Rasa 
ed 
Nae 
BN 
a 
a 
az 
ie 
= 


ERGY AaOREE 


ee ee a a ee 
PN ee 
CES eee 


et 
—_ 
mS 


nee NO) HEATSINK 
— —— INFINITE HEATSINK 


cf 


ipt. IL. TOTAL LOAD CURRENT (mA) 


Vin- Vo , MINIMUM INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 


LIMITING CURRENT (mA) 
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bal 
= 


FIGURE 10 — CURRENT-LIMITING CHARACTERISTICS 


FIGURE 6 — REGULATOR DROPOUT VOLTAGE 


| | rgcrsooms | | | | | | 
face at ee 


40 60 


IL, LOAD CURRENT (mA) 


FIGURE 8 — MAXIMUM CURRENT CAPABILITY 


1Vin- Vo |, INPUT-OUTPUT VOLTAGE DIFFERENTIAL {V) 


Rg = 10 OHMS 
een ee 


LET 


Ty, JUNCTION TEMPERATURE (°C) 


Mc1468, MC1568 


ig, INPUT CURRENT (mA) 


THERMAL SHIFT (%/2C; 


QUTPUT VOLTAGE-DEVIATION, 20 mV/DIV 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +20 V, Veg = -20 V, Vo = £15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 — STANDBY CURRENT DRAIN 


5.0 


NEGATIVE 
STANDBY CURRENT 


Vin, INPUT VOLTAGE {+V) 


FIGURE 13 — TEMPERATURE COEFFICIENT OF 
OUTPUT VOLTAGE 


Vcc= VEE =30V 
Rsc = 4.0 OHMS 


% CHANGE IN Vg 
N JUNCTION TEMPER 


+Vg, QUTPUT VOLTAGE (+V) 


FIGURE 15 — LINE TRANSIENT RESPONSE 


Cee |e es A a ea 
z= POSITIVE REGULATOR 


~ AVin = +20 to +23 V 


Rgc = 10 OHMS 


TIME, 50 ws/DIV 


FIGURE 12 — STANDBY CURRENT DRAIN 


ip, INPUT CURRENT (mA) 


+Vo, OUTPUT VOLTAGE (+V) 


FIGURE 14 — LOAD TRANSIENT RESPONSE 


' 


a-oom |. | fT | | 
aN conor eS Fo 


NEGATIVE REGULATOR 


OUTPUT VOLTAGE DEVIATION, 50 mV/DIV 


TIME, 20.pus/DIV 


FIGURE 16 — RIPPLE REJECTION 


NEGATIVE 
REGULATOR 


POSITIVE. 
REGULATO 


INPUT RIPPLE ATTENUATION (1B) 


TA ETE 
CNG 


{, INPUT FREQUENCY (Hz) 


MC1468, MC1568 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +20 V, Veg =-20 V, Vo = £15 V, Ta = +25°C unless otherwise noted.) 


Co 
TT AT 


ae 
= 
L_ 
4 
FJ 
cI 
= 
|| 
= 
= 
EES 


OUTPUT IMPEDANCE (OHMS) 


NEGATIVE REGULATOR 
———— POSITIVE REGULATOR 


{, TEST FREQUENCY (Hz) 
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Specifications and Applications Information 


MONOLITHIC VOLTAGE REGULATOR 


The MC1569/MC1469 is a positive voltage regulator designed to 
deliver continuous load current up to 500 mAdc. Output voltage is 
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for 
use within the. military temperature range (—55 to +125°C) and the 
MC1469 within the 0 to +70°C temperature range. 

‘For systems requiring a positive regulated voltage, the MC1569 
can be used with performance nearly identical to the MC 1563 negative 
voltage regulator. Systems requiring both a positive and negative 
regulated voltage can use the MC1569 and MC 1563 as complementary 
regulators with acommon input ground. 


‘@ Electronic ‘“Shut-Down” Control 


@ Excellent Load Regulation (Low Output. Impedance — 20 milli- 
ohms typ) 


High Power Capability: up to 17.5 Watts - 
Excellent Temperature Stability: +0.002 %/°C typ 
High Ripple Rejection: 0.002 %/V typ 


FIGURE 1— £15 V, £400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 


500 mA max 
—+—=e Vo 
+15 Vde 


+ 
2N706 OR EQUIV 10 pF 
0.001 nF 7 


MC1569R 
MC1469R 
{POSITIVE 
REGUL 


¥ 


MC1563R . | 
MC1463R : Vo 


~—~———_——__ -15 Vd 
(NEGATIVE 500 mA max 


REGULATOR) 


FIGURE 2 — TYPICAL CIRCUIT CONNECTION 
(3.5 <Vo S37 Vdc, 1 Jy <500 mA) 


; 2° sc . 
O 
(77%) 2N708° 
6 & OR EQuiV 


MC1569R 0.001 pF 
MC1469R | 

§ = 
* O 


Vin ® 8.5 Vde 


Cy 


T O.t uF 


ips Vo =3.5 (i+ an 
Select Rj to Give Desired Vg = R1 (2 VQ — 7) k22 2 


| mcis69r | -55°C to +125°C | Metal Power_} 


M1469 


C1569 


> 


POSITIVE VOLTAGE REGULATOR 
INTEGRATED CIRCUIT 


SILICON NONOLITHIC 
EPITAXIAL PASSIVATED 


vie 
CASE 603 (Bottom View) 


METAL PACKAGE 
G SUFFIX 


CASE 614 . 
METAL PACKAGE 
R SUFFIX 


ORDERING INFORMATION ; 
| DEVICE | TEMPERATURE RANGE | PACKAGE _ | 
MC1469G 
MC1569G 


FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION 
(Vo = 5.0 Vde, I, = 10 Adc [max] ) 


Rec = 80 ms2 Vg. = +8 Vie 


2N3771 \ 4 2N706 
OR EQUIV cae OR EQUIV 
1 
mcissgr = J 
MC1469R ~ 


MC 1469, MC1569 | 


MAXIMUM RATINGS (Tc = +25°C unless otherwise noted) 


Rating 


Input Voltage - 


MC1469 
MC 1569 


Current, Pin 2 
Current, Pind - 


Power Dissipation and Thermal Characteristics 
"Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
Te = +26°C 
Derate above T¢ = +25°C 
Thermal Resistance, Junction to Case 


Operating and Storage Junction ‘Temperature 


OPERATING TEMPERATURE RANGE 


Ambient Temperature . 
MC 1469 0 to +70 


MC1569 -55 to. +125 


ELECTRICAL CHARACTERISTICS 
(Tc = +25°C unless otherwise noted) (Load Current = 100 mA for ““R” Package device, 


= - 10 mA for “G” Package device, 
Input Voltage 


(Ta = Tow © to Thigh @) 
Output Voltage Range 


Reference Voltage (Pin 8 to Ground , Vin 


4 Minimum Input-Output Voltage Differential 
(Rc = 0) : 


Bias Current (Vi, = 15 Vv) 
(IL = 1.0 mAdc, R2 = 6.8 k ohms, 118 = lin - IL 


Output Noise 
(Cy = 0.1 WF, f = 10 Hz to 5.0 MHz) 


‘| Temperature Coefficient of Output Voltage 


Operating Load Current Range | : 
(Rog S0.3 ohms) R Package 


(Rsg¢ 2.0 ohms) G Package 


Input Regulation ; 


Load Regulation 
(Tj = Constant [1.0 mA=1;, =20 mA]) 
(To = +25°C [1.0 mA=I; =50 mA]) R Package 
‘ G Package 


‘| Output Impedance 
(Co = 0.001 LIF, Rgo = 1.0 ohm, f = 1.0 kHz, 
Vin = +14 Vdc, Vo = +10 Vdc) 


Shutdown Current 


(Vin = +35 Vde) 


‘A Tiow = 0°C for MC1469. @ Thigh = +70° C for MC 1469 
= -55°C for MC1569 : = +125°C for MC1569 
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unless otherwise noted) 


3.0 
12 mAdc 
~ | mVirms) 


0.05 
0.13 


MC 1469, MC1569 


“Minimum Input Voltage” is the minimum “‘total instan- 

taneous input voltage” required to. properly bias the in- 

ternal zener reference diode. For output voltages greater 

than approximately 5.5 Vdc the minimum “total instan- 

taneous input voltage” must increase to the extent that 

it will always exceed the output voltage by at least the 
“input-output voltage differential’’. 


This parameter states that the MC1569/MC1469 will 
regulate properly with the input output voltage differ- 
ential (Vin — Vo) as low as 2.7 Vde and 3.0 Vdc 
respectively. Typical units will regulate properly with 
(Vin — Vo) as low-as 2.1 Vde as shown in the typical 
column. (See Figure 21.) 


Note 2. 


“Temperature Coefficient of Output Voltage” is defined 
as: 


Note 3. 


(VQ max — Vo min) (100) 


) fe} 
(180°C) (V9 @25°c) © 


MC1569, TCVg = 


+ (Vo max — Vo al (700) _ 
(75°C) (VQ9 @ 25°C) 


MC 1469, TCVo = = %/°C 


The output-voltage adjusting resistors (R71 and R2) must — 
have matched temperature characteristics in order to 
maintain a constant ratio independent of temperature. 


Note4. Input regulation is the percentage change in output 


FIGURE 4 — CONNECTION FOR Vo 235 Vdc 


(Rge = 2.7 ohms untess otherwise , 


Resp +*Vo 


A oft 


FR 0.001 uF 
Pah 


© 10 of Case 


Select Rt to give desired Vg: R1=(2V9-7) ki 


Le 
k 


FIGURE 6 — INPUT REGULATION 


Vin #17 Vde 


27 


1 
O : : 
og Ratt 
6 { \ OR EQUIV 


Vo = 10 Voc 


Vin = 1.0 vires) 
f 21.0 kHz 


© 10 oF CASE a : 


1 1.2 . : 
oO 
aL 0.001 pF 
5 : = 


= 1000 uF 
- McI5E9 


MC 1463 t 5 mAirms) 


58 mV (ems) 
#2 1.0kH2 ob 


© 10 or CASE “T Ot uF 


4-46 


TEST CIRCUITS 


Note 5. 


* Load Regulation = 


voltage per volt change in the input voltage and is 
expressed as 


Vv, 


BE Get Th my oe NO 
Input Regulation = Vo ( 


Vin! 100 (%/VQ), 


where vg is the change in the output voltage Vo for 
the input change vin. 


The following example illustrates how to compute 
maximum output voltage change for the conditions 
given: 


Regin = 0.015 %/VO 
Vo = 10 Vde 
n = 1.0 Virms) 


Vo = (Regin) (Vin) (Va) 
: 100 


= (0.015) (1.0) (10) 
100 ~ 
= 0.0015 Virms) 


Load regulation is specified for small (<+17°C) changes 
in junction temperature. Temperature drift effect, must 
be taken into account separately for conditions of high 
junction temperature changes due to the thermal feed- 
back that exists on the monolithic chip. 

Vole = 1.0 mA}-[Vo|iL = 50 mA] 
—~ VofiL=10ma X 100. 


FIGURE 5 — CONNECTION FOR 2.5 Vde Vo S3.5 Vde 


+15 Vde 


+Vin 


1.0mA 


"#3 


Select R2 to give desired Vo: R2 = {2 Vo) k Q2 Select R1: Ris (7.0kS - RIKQ 


(Rg¢ = 2.7 ohms unless otherwise a 


Ree +V0 


_ 
ner,s of ty 


‘a 0.003 uF 


Oi orCase es uF 


FIGURE 7 ~ LOAD REGULATION 


Vo = 10V 


MC 1589 
MC 1469 


1 ee a eo 2d ‘ 
_ Ear 
a 5 Ot 
or Equiv 
O ‘ 
5 = 
; 


_ MCIS69 


MC 1469 


°R3 = (Vin - 1.5) ke2 


1, 


6. 


-MC1469, MC1569 


GENERAL DESIGN INFORMATION 


Output Voltage, Vo 

a) For Vo = 3.5 Vdc — Output voltage is set by resistors R1 
‘and R2 (see Figure 4). Set R2 = 6.8 k ohms and determine 
R1 from the graph of Figure 10 or from the equation: 


R1 (2 Vo — 7) kQ 
b 


— 


For 2.5 < Vo <3.5 Vde — Output voltage is set by resis- 
tors R1 and R2 (see Figure 5). Resistors R1 and R2 can be 
determined from the graph of Figure 11 or from the 
"equations: ! 
t 
R2 ~2 (Vo ) kQ 
R1 (7 kQR2) kQ 


c) Output voltage, Vo, is determined by the ratio of R1 and 
R2, therefore optimum temperature performance can be 
achieved if R1 and R2 have the same temperature 
coefficient. 

d) Output voltage can be varied by making R1 adjustable as 
shown in Figure 43. 

e) If Vo = 3.5 Vdc (to supply MRTL for example), tie pins 6, 
8 and 9 together. R1 and R2 are not needed in this case. 

Short Circuit Current, loo 
Short Circuit Current, Igc¢, is determined by Rec. Rg¢ may 
be chosen with the aid of Figure 12 or the expression: 


R.. 0:8 ohm 
so Tse 


where Ico is measured in amperes. This expression is also 
valid when current is boosted as shown in Figure 2. 


5 Compensation, Ceo 


A 0.001 UF capacitor, Cc, from pin 4 to ground will provide 
adequate compensation in most applications, with or with: 
out current boost. Smaller values of C, will reduce stability 
and ‘larger values of Cg will degrade pulse response and out- 
put impedance versus frequency. The physical location of 
Ce, should be close to the MC1569/MC 1469 with short lead 
lengths.” 


. Noise Filter Capacitor, Cn 


A 0.1 LF capacitor, Cyy, from pin 7 to ground will typically 
reduce the output noise voltage to 150 UVirms). The value 
of Cy can be increased or decreased, depending on the 
noise voltage requirements of a particular application. A 
minimum value of 0.001 LiF is recommended. 


. Output Capacitor, Co 


The value of Co should be at least 1.0 WF in order to 
provide good stability. The maximum value recommended 
is a function of current limit resistor Rg: 
Co max py 250 UF UF 

Rec 


where Reg is measured in ohms. Values of Co greater than 
this will degrade the pulse response characteristics and 
increase the settling time. 

Shut-Down Control . 
One method of turning “OFF” the regulator is to apply a 
de voltage at pin 2. This control can be used to eliminate 
power consumption by circuit loads which can be put in 
“standby’’ mode. Examples include, an ac or dc “‘squelch”’ 
control for communications circuits, and a dissipation con- 
trol to protect the regulator under sustained output short- 

. circuiting. As the magnitude of the input-threshold voltage 
at Pin 2 depends directly upon. the junction temperature of 
the integrated circuit chip, a fixed dc voltage at Pin 2 will 

_ cause automatic shut-down for high junction temperatures. 

This will protect the chip, independent of the heat sinking 
used, the ambient témperature, or the input or output 
voltage levels. Standard Logic levels of MRTL, MDTL* or 
MTTL* can also be used to turn the regulator “ON” or 
“OFF. 


7. Remote Sensina 


R1, RESISTANCE (k82) 


Isc, SHORT-CIRCUIT LOAD CURRENT (mA) 
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R1, RESISTANCE (ks2) 


The connection to piri 5 can be made with a separate lead 
direct to the load. Thus, ‘‘remote sensing” can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure tu) On Zg can be greatly 
reduced. 


FIGURE 10 — R1 versus Vo 
(Vo 23.5 Vac, See Figure 4) 
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FIGURE 11 — R1 and R2 versus Vo 
(2.5 <VoQ <35 Vdc, See Figure 5) 
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TYPICAL CHARACTERISTICS 
Uniess otherwise: noted: Cry = 0.1 UF, Cp = 0.001 UF, Co = 1.0 UF, Tc= 425° Cc, . 


Vin nom = +9.0 Vdc; Vo nom = +5.0 Vdc, 
1, > 200 mA for R package only. 


FIGURE 13 — DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE FIGURE 14 — OUTPUT IMPEDANCE versus Reg 
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Vin - Vo. INPUT-OUTPUT VOLTAGE 


Vin, INPUT 
VOLTAGE {VGLTS) 


Vo, OUTPUT 
OLTAGE (VOLTS) 


TYPICAL CHARACTERISTICS (continued) 
Cy = 0.1 UF, Cc = 0.001 UF, Co = 1.0 UF, Tc = +25°C, 


Unless otherwise noted: 


4 


Vin nom = +9,0 Vde, Vo nom = +5.0 Vdc, 
1, > 200 mA for R package only. 


FIGURE 19 — EFFECT OF LOAD CURRENT ON 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 21 — INPUT TRANSIENT RESPONSE 
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FIGURE 23 — FREQUENCY DEPENDENCE 
OF OUTPUT I ED ARLE: Co = 10 LF 
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FIGURE 20 — EFFECT OF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 
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FIGURE 22 — TEMPERATURE DEPENDENCE OF 
SHORT-CIRCUIT LOAD CURRENT 
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FIGURE 24 — FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Co = 2.0 UF 
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OPERATIONS AND APPLICATIONS 


This section describes the operation and design of the MC1569 positive voltage regulator and also provides information on 
useful applications. 


“SUBJECT SEQUENCE 


Theory of Operation 
NPN Current Boosting 
PNP Current Boosting 


Switching Regulator 
Positive and Negative Power Supplies 


THEORY OF OPERATION 


The usual series voltage regulator shown in Figure 25, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer- 
ence, there are two options. The first is to use a resistive 
divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. 


The alternative is to eliminate the resistive divider and .. 


to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 26. The gain-determining, resistors may 
be external, enabling a wide range of output voltages. This 


FIGURE 25 — SERIES VOLTAGE REGULATOR 


Vin SERIES CONTROL ELEMENT V; 


in 
REFERENCE | Vref 
VOLTAGE 


Vo 


ERROR 
AMPLIFIER 


Circuit diagrams utilizing Motorola products aré included as a means 
of illustrating typical semiconductor applications; ‘consequentiy, 


complete. information sufficient for construction purposes Is not 


Shutdown Techniques 

Voltage Boosting 

Remote Sensing 

An Adjustable-Zero-Temperature- 
Coefficient Voltage Source 


REFERENCE 
VOLTAGE 


Thermal Shutdown 
Thermal Considerations 
Latch-Up 


is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this “regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com- 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MC1569) a wide range of 
reference voltages can be established. 


The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this “‘regulator- 
within-a-regulator” concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap- 
proach was used in the design of the MC1569 positive- 
voltage regulator. 


FIGURE 26 — THE “REGULATOR-WITHIN-A-REGULATOR” APPROACH 
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SHIFTER) 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


necessarily given. The information has been carefully checked and 
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FIGURE 27 


inseommended External Cxoeiey is Depicted With Dotted Lines.) 


MC 1 569 Operation 

Figure 27 shows the MC1569 Regulator block diagram, 
simplified schematic, and complete schematic. The four 
basic sections of the regulator are: Control, Bias, DC 
Level Shift, and Output (unity gain) Regulator. Each sec- 
tion is detailed in the following paragraphs. 


Control 
_ The control section involves two basic functions; start- 
up and shutdown. A start-up function is required since 


the biasing is essentially independent of the unregulated © 
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Case is ground tor Case 614 (R suffix). 


input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a re- 
sistor (60 k&) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. . This is neces- 


_sary to keep the added noise and ripple of the auxiliary 


zener from degrading the performance of the regulator. 


MC1469, MC1569 


The shutdown control consists of an NPN transistor 
across the reference zener. diode. When this transistor is 
turned “ON”, via pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut- 
down. During shutdown the current drain of the com- 
plete IC regulator drops to Vjn/60 kQ or 500 wA for a 
30 V input. 


Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co- 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer- 
ence voltage of approximately 3.5 Vdc with a typical 
temperature coefficient of 0.002 %/°C. In addition, this 


circuit also provides a reference current which is used to. 


bias all current sources in the remaining regulator circuitry. 


DC Level Shift 


The reference voltage is used as the input toa Darlington 
differential amplifier. The gain of this amplifier is quite 


high and it therefore may be considered to function as a 


conventional operational amplifier. Consequently, negative 
feedback can be employed using two-external resistors(R1. 
and R2) to set the closed-loop gain and to boost the refer- 
ence voltage to the desired output voltage. A capacitor, 
CN, is introduced externally into the level shift network 
(via pin 7) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 uF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 uF minimum) 
may be used but will cause a slight increase in output 


- Cies. 


Output Regulator 


The output of the level shift amplifier (pin 9) is fed to 
the noninverting input (pin 6) of the output error ampli- 
fier. The inverting input to this amplifier is the Output 
Sense connection (pin 5) of the regulator. A Darlington 
connected NPN power transistor is used to handle the load 
current. Thé short-circuit current limiting resistor, Rgo, is 
connected in the emitter of this transistor to sample the 
full load current. By placing an external low-level NPN 
transistor across Rg¢ as. shown in Figure 27, output 
current can be limited to a predetermined value: 


where I], max is the maximum load current (amperes) and 
Rgc is the value of the current limiting resistor (ohms). 


Stability and Compensation 


As has been: seen, the MC1569 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of instability, due to excessive phase shift at high frequen- 
Since the error amplifier is normally used at unity 
gain (the worst case for stability) a high impedance node 
is brought out for compensation. For normal operation, a. 
capacitor is connected between this point (pin 4) and 
ground. The recommended value of:0.001 yF will insure 
stability and still provide acceptable transient response 
(see Figure 28, A and B). It is also necessary to use.an 
output capacitor, CQ (typically 1.0 uF) from the output, 


_ Vo, to ground. When an external transistor is used to 


noise. Larger values of CN will reduce the noise as well as — 


delay the start-up of the regulator. 


FIGURE 28A — LOAD TRANSIENT RESPONSE 
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boost the current, CEQ = 1.0 uF is also recommended (see 
Figure 2). 


FIGURE 28B ~— LOAD TRANSIENT RESPONSE 
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TYPICAL NPN CURRENT BOOST CONNECTIONS 


FIGURE 29A — 5 VOLT 5-AMPERE REGULATOR 
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*For ripple reduction or increased 
efficiency at low output voltages, 


the collector of Qt can tie toa 
separate low-voltage supply as 
“shown. 


FIGURE 298 — 5-VOLT 5-AMPERE REGULATOR 
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FIGURE 30 — PNP CURRENT 
BOOST CONNECTION 
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NPN CURRENT BOOSTING 


For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem- 
perature changes in the IC regulator arising from changes 


of the internal power dissipation, the NPN current-boost — 


circuits of Figure 3 or 29 are recommended. The tran- 
sistor shown in Figure 29A, the 2N3055 can supply 
currents to 5.0 amperes (subject, of course, to the safe 
area limitations). To improve the efficiency of the NPN 


boost configuration, . particularly for small output 
voltages, the circuit of Figure 29 is recommended. An 
auxiliary 9.5-volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second. 


supply of lower voltage. For the 5.0 ampere regulator of 


Figure 29 this represents a savings of 17.5 watts when 
compared with operating the regulator from the single 9.5 
V supply. It can supply current to 5.0 amperes while 
requiring an input voltage to the collector of the pass 
transistor of 6.0 volts minimum. The ‘pass transistor is 
limited to 5.0 amperes by the added short-circuit current 
network in its emitter (Rsc), (Figure 29B). 


PNP CURRENT BOOSTING 


A typical PNP current boost circuit is shown in Figure 
30. Voltages from 2.5 Vdc to 37 Vdc and currents of 
many amperes can be obtained with this circuit. 

Since the PNP transistor must not be turned on by the 
MC1569 bias current (Ijp) the resistor Rijn must meet the 
following condition 


where VBE is the base-to-emitter voltage required to turn 


_on the PNP pass transistor, (typically 0.6 Vdc for silicon 


and 0.2 Vdc for germanium). a 
For germanium pass transistors, a silicon diode may be 
placed in series with the emitter to provide an additional 
voltage drop. This allows a larger value of Rijn than would 
be possible if the diode were omitted. The diode will, 
however, be required to carry the maximum load current. 


SELF-OSCILLATING SWITCHING 
REGULATOR 


In all of the current boosting circuits shown thus far it 
has been assumed that the input-output voltage differen- 
tial can be minimized to obtain maximum efficiency in 
both the external pass element as well as the MC1569. 
This may not be possible in applications where only a 
single supply voltage is available and high current levels 
preclude zener diode pre-regulating approaches. In such 
applications a switching-mode voltage regulator is highly 


desirable since the pass device is either ON or OFF. The 


theoretical efficiency of an ideal switching regulator is 
100%. Realizable efficiencies of 90% are within the realm 
of possibility thus obviating the need for large power dis- 
sipating components. The output voltage will contain a _ 
ripple component; however, this can be made quite small 
if the switching frequency is made relatively high so filter- 
ing techniques are effective.. Figure 31 shows a functional 
diagram for a self-oscillating voltage regulator. The 
comparator-driver will sense the voltage across the induc-- 
tor, this voltage being related to the load current, IL, by 
i 
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a 
dt 


V. 


For a first approximation this can be assumed to be a 
linear relationship. . 

Initially, VO will be low and QI will be ON. The volt- 
age at the non-inverting input will approach 61 Vin, when: 


_VrefRa V Rp ; 
R, + Rp R, + Rp 


BiVin 


When this output voltage is reached the comparator will 

switch, turning QI OFF. The diode, CR1, will now become 

forward biased and will supply a path for the inductor cur- 

rent. This current and the sense voltage will start to de- 
“crease until the output voltage reaches 


VietRa 


R,+Ry 


BoVin 
where the comparator will again switch turning Q1 ON, 
and the cycle repeats. Thus the output voltage is approxi- 


mately Vref plus a ripple component. 
The frequency of oscillation can be shown to be 


Vo (Vin = Vo) 
L Vc K(max)— IQ) 


i= () 


'” where 
I (max) = The maximum value of inductor current 


I9o= The minimum inductor current. 


Normally this frequency will be in the range of approxi- 
mately 2 kHz to 6 kHz. In this range, inductor values can 
be small and are compatible with the switching times of 


the pass transistor and diode. The switching time of the © 


comparator is quite fast since positive feedback aids both 
turn-on and turn-off times. The limiting factors are the 
diode and pass transistor rise and- fall times which should 
be quite fast or efficiency will suffer. 

Figure 32 shows a self oscillating switching regulator 
which in many respects is similar to the PNP current boost 
previously discussed. The 6.8 kQ resistor in conjunction 
with RI sets the reference voltage, Vref. Ql and CRI are 
selected for fast switching times as well as.the necessary 
power dissipation ratings. Since -a linear inductor is as- 
sumed, the inductor cannot be allowed to saturate at 
maximum load currents and should be chosen accordingly. 
If core saturation does occur, peak transistor and diode 
currents will be large and power dissipation will increase. 


FIGURE 31 — BASIC SELF-OSCILLATING 
SWITCHING REGULATOR 
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FIGURE 32 — MC1569 SELF-OSCILLATING 
SWITCHING REGULATOR 
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As a design center is required for a practical circuit, 
assume the following requirements: 


Vin = +28 Volts 
Vo =+10 Volts 
AVo = 50 mV 
f25 kHz 
I(max)= 1.125 A 


Ip =1A 
AV=V..—. (2) 


Using Equation (1), the inductor value can be found: 


_ (28-10) al 1 
1. 125-1) 28 \5 x 103 
= 7 mH. 


- For the test circuit, a value of 6 mH was selected. Using 
for a first approximation 


- (Vin — VoXVO) 
Co* gr f2 Vin (AV) 


(28.— 10)10 
~ (7 x 1073)(5 x 103)? (28) (50 x 1073) 


95 uF. 


As shown, a value of 100 uF was selected. Since little cur- 
_rent is required at pin 6, Rag can be large. Assume Rg = 
47 kQ and then use Equation (2) to determine Rp: 


_ 28 


+3 _ 
50x10 WkKQ 


a7 Ka 


Ry =4250 = = 852. 


Since the internal impedance presented by pin 95 is on 


the order of 6022, a value of Rp = 10Q2 is adequate. 
Diodes CR2, CR3, and Re may be added to prevent 
saturation of. the error amplifier to increase switching 


speed. When the output stage of the error amplifier 


. approaches saturation, CR2 becomes forward biased and 


clamps the error amplifier. Resistor Rg should be selected 
to supply a total of 1 mAdc to CR2 and CR3. 

To show correlation between the predicted and tested 
specifications the following data was obtained: 


Vin = +28 (41%) Volts 
Vo = +10 Volts 
AVQO=60 mV . 

f=7 kHz 
@1, = 1A 


which checks quite well with the predicted values. Rp 
can be adjusted, to minimize the ripple component as well 
as to trim the operating frequency. Also this frequency 
will change with varying loads as is normal with this type 
of circuit. Pin 2 can still be. used for shut-down if so 
desired. Rgc should be set such that the ratio of load cur- 
rent to base drive current is 10:1 in this case 1; ~ 100 mA 
and Rgc = 6.52. 


POSITIVE AND NEGATIVE POWER 


- SUPPLIES 


If the MC1569 is driven from a floating source it is 
possible to use it as a negative regulator by grounding the 
positive output terminal. The MC1569 may also be used 
with the MC1563 to provide completely independent posi- 
tive and negative voltage regulators with comparable 
performance. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simul- 
taneously, and variations in the magnitudes of the two 
voltages track. Figures 1 and 33 illustrate this approach. 
In this application, the MC1563 is used as the reference 
regulator, establishing the negative output voltage. The 
MC1569 positive regulator is used in a tracking mode by 
grounding one side of the differential amplifier (pin 6 of 
the MC1569) and using the other side (pin 5 of the 
MC 1569) to sense the voltage developed at the junction of 
the two 3-k ohm resistors. This differential amplifier 
controls the MC1569 series pass transistor such that the 
voltage at pin 5 will be zero. When the voltage at pin 5 
equals zero, +VQ must equal |— -Vol. 

_ For the configuration shown in Figure 33, the level 
shift amplifier in the MC1569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 


capability by Qi and Q2. (The +5-volt supply, as shown, 
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is not short-circuit protected.) The —15-volt supply 
varies less than 0.1 mV over a zero to —300 mAdc current 
range and the +15.volt supply tracks this variation. The 
+15-volt supply varies 20 mV over the zero to +300 mAdc 
load current range. The +5-volt supply varies less than 
~ SmV for 0 <I, < 200 mA with the other two voltages re- 
maining unchanged. See page 19 for additional apiCEMENON, 


SHUTDOWN TECHNIQUES 


Pin 2 of the MC1569 is provided for the express pur- 

‘ pose of shutting the regulator “OFF’’. Referring to the 
schematic, it can be seen that pin 2 goes to the base of an 
NPN transistor; which, if turned “ON”, will turn the 
zener “OFF” and deny current to all the biasing current 
sources. This action causes the output to go to essentially 


zero volts and the only current drawn by the IC regulator 
will be the small start current through the 60-k-ohm start 
resistor (Vjn/60 kQ). This feature provides additional 
versatility in the applications of the MC1569.' Various sub- 
systems may be placed in a “‘standby” mode to conserve 
power until actually needed. Or the power may be turned 
“OFF” in response to other occurrences such as over- 
heating, over-voltage, shorted output, etc. 

To activate shutdown, one simply applies a soiential 
greater than two diode drops with a current capability of 
1 mA. Note that if a hard supply (i.e., +3 V) is applied 
directly to pin 2, the shutdown circuitry will be destroyed 


- since there is no inherent current limiting. Maximum 


rating for the drive current into pin 2 is 10 mA, while 
1 mA is adequate for shutdown. 


FIGURE 33 — A +15 Vdc COMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 
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FIGURE 34 — ELECTRONIC SHUT-DOWN USING A MDTL GATE 


3 1 Rs, = *V0 


O 
Logic O 


of the Logic Inputs are at the “O” Level. 1.0 uF T 


(DUAL MOTL GATE) . 


FIGURE 35 — AUTOMATIC LATCH INTO SHUT-DOWN WHEN 
OUTPUT IS SHORT-CIRCUITED WITH MANUAL RE-START 
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FIGURE 36 — VOLTAGE BOOSTING CIRCUIT © 
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110 Vde OR EQUIV 56 Vo=100Vde ~ 


2N4123 


“M2752 A oR EQUIV 
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Figure 34 shows how the regulator can be controlled 
by a logic gate. Here, it is assumed that the regulator 
operates in its normal mode — as a positive regulator 
referenced to ground .— and that the logic gate is of the 
saturating type, operating from a positive supply to 
ground. The high logic level should be greater than about 
1.5 V and should source no more than 10 mA into pin 2. 

The gate shown is of the MDTL type. MRTL and 
MTTL can also be used as long as the drive current is 
within safe limits (this is important when using MTTL, 
where the output stage uses an active:pull-up). 

In some cases a regulator can be designed which can 
handle the power dissipation resulting from normal opera- 
tion but cannot safely dissipate the power. resulting from a 
sustained short-circuit. The circuit of Figure 35 solves 
this problem by shutting down the regulator when the 
output is short-circuited. 


VOLTAGE BOOSTING 


The MC1569 has a maximum output voltage capability 
of 37 volts which covers the bulk of the user requirements. 
However, it is possible to obtain higher output voltages. 
One such voltage boosting circuit is shown in Figure 36. 

Since high voltage NPN silicon devices are readily 
available, the only problem is the voltage limitations of the 
MC1569. This can be overcome by using voltage shift 
techniques to limit the voltage to 35 volts across the 
MC1569 while referencing to a higher output voltage. 

The zener diode in the base lead of the NPN device is 
used to shift the output voltage of the MC1569 by ap- 
proximately 75 volts to the desired high voltage level, in 
this case 100 volts. Another voltage shift is accomplished 
by the resistor divider on the output to accommodate the 
required 25 volt reference to the MC1569. The 2 kQ 
resistor is used to bias the zener diode so the current 
through the 4.7 kQ resistor can be controlled by the 
MC1569. The 1N4001 diode protects the MC1569 from. 
supplying load current under short circuit conditions and 
Q2 serves to limit base current to Q1. For Rgc as shown, 
the short circuit current will be approximately 100 mA. 

In order to use a single supply voltage, Vin(2) can be 
derived from Vjp(1) with a zener diode, shunt pre- 
regulator. , 

It can be seen that loop gain has been reduced by the 
resistor divider and hence the closed loop bandwidth will 
be less. This of course will result in a more stable system, 
but regulator performance is degraded to some degree. 


REMOTE SENSING 


The MC1569 offers a remote sensing capability. This 
is important when the load is remote from the regulator, . 


MC1469, MC1569. 


as the resistance of the interconnecting lines (Vo and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 37 shows how remote sensing is accom- 
plished using both a separate sense line from pin 8 and a 
separate ground line from the regulator to the remote 
load. 


AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE 
REFERENCE SOURCE. 


The MC1569, when used in conjunction with low TC 
resistors, makes an excellent reference-voltage genera- 
tor. If the 3.5 volt reference voltage of the IC regulator is 
a satisfactory value, then pins 8 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 


FIGURE 37 ~— REMOTE SENSING CIRCUIT 


2N706 
4 OR EQuiv 


MC1569R 
MC1469R 


reference having a typical temperature coefficient of 
0.002%/°C. By adding two resistors, R1 and R2, any 
voltage between 3.5 Vdc and 37 Vdc can be obtained 
with the same low TC (see Figure 38). 


THERMAL SHUTDOWN 


By setting a fixed voltage at pin 2, the MC1569 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the base- 
emitter junction of the shutdown transistor and the diode 
in series with pin 2 (—3.4 x 10-3V/°C). By setting 1.0 
Vdc externally at pin 2, the regulator will shutdown when 
the chip temperature reaches approximately +140°C. Fig- 
ure 39 shows a circuit that uses a zero-TC zener diode and 
a resistive divider to obtain this voltage. 


FIGURE 38 — AN ADJUSTABLE “ZERO-TC” VOLTAGE SOURCE 


FIGURE 39 — JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT 


FIGURE 39A — USING A ZERO TC REFERENCE 


Vpin 2 (for shutdown) ~ 1.38 ~ 3.4 X 10-3 (Ty — 259) 


+Vin (15 V) 


1N3826 
OR EQUIV 


+Vin qL= 4mA Max 
(+10 Vdc) a WV, 
Rl (+4.0 Vdc) 
10k | 
ae! eat 
vz=(1+8))3.5 
FIGURE 39B — USING A Ta REFERENCE 

Ree +Vg 


Win (15 V) 
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FIGURE 40 - THERMAL SHUTDOWN WHEN USING 
EXTERNAL PASS TRANSISTORS - 


1N4001 


= TCASE MONITOR 220 
2N2906 


Vin OR EQUIV ; aa OREQUIV | wy, 


ee HEAT SINK —> +15 Vde 
ge ee 
e 
oR EQUIV 


Ta REFERENCE 


MC 1569 


In the case where an external pass transistor is em- 
ployed, its temperature, rather than that of the IC regu- 
lator, requires control. A technique similar to the one just 
discussed can be used by directly monitoring the case 
temperature of the pass transistor as is indicated in Fig- 
ure 40. The case of the normally “OFF” thermal moni- 
toring transistor, Q2, should be in thermal contact with, 
_ but electrically isolated from, the case of the boost tran- 
sistor, Q1. 


THERMAL CONSIDERATIONS 


Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 
the designer must use caution not to exceed the specified 
maximum junction temperature (+150°C).. Exceeding 
this limit will reduce reliability at an exponential rate. 
Good heatsinking not only reduces the junction tempera- 
ture for a given power dissipation; it also tends to improve 
the dc stability of the output voltage by reducing the 
junction temperature change resulting froma change in the 
power dissipation of the IC regulator. By using the de- 
rating factors or thermal resistance values given in the 
Maximum Ratings Table of this data sheet, junction tem- 
perature can be computed: for any given application in 
the same manner as for a power transistor*. A short- 
circuit on the output terminal can produce a “worst-case” 


thermal condition especially if the maximum input voltage ° 


is applied simultaneously with the maximum value of 


short-circuit load current. Care should be taken not to 


*For more detailed information of methods.used to com- 
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal eal of 
Semiconductors. 


FIGURE 41 ~— DC SAFE OPERATING 
AREA 


ee eS oe A 
i co fc OE 


0.4 a ee mee THERMAL LIMITATION (Te = 25°C) 
————— SECONDARY BREAKDOWN LIMITATION 
—— ——— BONDING WIRE LIMITATION 


Teo LPN | 


19. (AMPERE) 


MC1469G 
MC1569G 


3.0 40 5.0 6.0 7.08.0 10 20 30 40 
Vin — Vo (VOLTS) 


exceed the maximum junction temperature rating during 
this fault condition and, in addition, the dc safe operating 
area limit (see Figure 41). 


Thermal characteristics for a voltage regulator are use- 
ful in predicting performance since dc load and line 
regulation are affected by changes in junction temperature. 
These temperature changes can result from either a change 
in the ambient temperature, TA, or a change in the power 
dissipated in.the IC regulator. The effects of ambient tem- 
perature change on the dc output voltage can be esti- 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as +0.002%/°C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current, three effects must be considered: 


1. junction temperature change due to the change in 
the power dissipation 


2. output voltage decrease due to the finite iltpit 
impedance of the control] amplifier 

3. thermal gradient’on the IC chip. 
A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
“gradient coefficient,” GCVo, can be used to describe this 
effect and is typically —0.06%/watt for the MC1569. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 


Given MC 1 569 
with Van = 10 Vdc 


Vo = 5 Vde 
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and 1; = 100 mA to 200 mA 2. AV due to Zo 
(Aly, = 100 mA) |AVol = (—zo)(IL) 


assume Ta = +25°C | IAVol = —(2 x10 -2)(10-1) = —2 mV 


TO-66 Case with heatsink . 
3. AVQ due to gradient coefficient, GCVO y 


assume’ O¢g = 0.2°C/W ; ; : 
IAVol = (GCVo)(Vo)(APp) 


and Og, =2°C/W - 
a IAVo! = (—6 x 10-4/W)(5 volts)(5 x 10-lw) 


9ic = 7.15°C/W (from maximum ratings 
table) |AVol = aa .6 mV 


It is desired to find the AVo which results from this Aly. 
Each of the three previously stated effects on Vo can now 


be separately considered. | |AVo total] = +0.5 — 2.0 —1.6 mV 


Therefore the total AVOQ is given by 


1. AVo due to AT : ie OR 


| —4.1 mV <|Vo total | <— 3.1 mV 
AVo = (Vo)APD\TCVOOICt CS + OSA) ae oes 
OR 
AV = (5V)(5 V x 0.1A)(+0.002%/°C)(9.35°C/W) Other operating conditions may be substituted. and com- 


puted in a similar manner to evaluate the relative effects 
AVo © +0.5 mV . of the parameters. 


TYPICAL PRINTED CIRCUIT BOARD LAYOUT 
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FIGURE 42 — LOCATION OF COMPONENTS 


PIN2 Vi, Cj’ Cg GND 


*Cj not shown 


FIGURE 43 — CIRCUIT SCHEMATIC FOR PRINTED CIRCUIT BOARD (Pg. 17) 
3.5 VSVQ<37N, 1mA< 1, <500 mA : 


+VQO 


ai 
MC1569R 
MC1469R 


Select R1 to give desired Vg: R1 ~ (2 Vg —7) kQ. 


*C; — May be required if long input leads are used. 
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*Socket 


PC Board 
*Optional 


PARTS LIST 


Select 


68k 


Select 


Select 


Select 
1.0 UF 


Q.1 WF 
0.001 uF 
0.01 UF 


MC1569R or MC1469R 
2N5223, 2N796, or equivalent 


{Not Shown) 


1/4 or 1/2 watt carbon 

IRC Model X-201 Mallory Model MTC-1 
or equivalent 

1/2 watt carbon 

For minimum current of 1 mAdc 

Sprague 1500 Series, Dickson D10C series 
or equivalent 


Ceramic Disc — Centralab DDA 104, 
Sprague TG-P10, or equivalent _ 


Heatsink Thermalloy #6168B 


Robinson Nugent #0001 306 
Electronic Motding Corp. #6341-210- 1, 
6348-188-1, 6349- 188-1 ° 


Circuit Dot, Inc. #PC1113 
1155 W. 23rd St., Tempe, Ariz. 85281 


LATCH-UP 


Latch-up of these and other regulators can occur if: 
1. There are plus and minus voltages avaitable es: 
2. A load exists between Vagt and Vc7 (This “common load" may be something inconspicuous 
— @.g. an operational amplifier. Nearty everyone who uses + and — voltages wifl have a 
common load from Vcc to Veg.) 
3. Vint and V;,~ are not applied at the same time. 


The above conditions result in one of the two outputs becoming reverse-biased which prevents the 
regulator from turning ON . Latch-up can be prevented by the circuit configurations shown in 
Figures 44 and 45. 


RIBURE T= 44 


Si 
_ C1569 + Gye | Equiv 


MC 1469 


Vor 
Vint N 


1N4001 OR EQUIV 


- T 


Note: This configuration increases minimum 
input-output differential voltage by = 0.7 V. 


vo 


FIGURE — 45 


Dy eaun OR 
MC1569 to you EQuiv 
MC1463 


R= i-Viq (k& for 
“1 mAde 


MC1563 
MC1463 
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MONOLITHIC VOLTAGE REGULATOR 


The MC1723 is a positive or negative voltage regulator designed 
to deliver load current to 150 mAdc. Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. MC1723 is specified for operation over the military 
temperature range (-55°C to +125°C) and the MC1723C over the 
commercial temperature range (0 to +70°C) 
® Output Voltage Adjustable from 2 Vdc to 37 Vdc 
® Output Current to 150 mAdc Without External Pass Transistors 
® 0.01% Line and 0.03% Load Regulation 
®@ Adjustable Short-Circuit Protection 


FIGURE 1 — CIRCUIT SCHEMATIC 


vec VC 


(3) 
© COMPENSATION 


INPUT iNPUT 


PIN NUMBERS ADJACENT TO TERMINALS ARE FOR THE METAL PACKAGE 
PIN NUMBERS IN PARENTHESIS ARE FOR DUAL IN-LINE PACKAGES. 


FIGURE 2 — TYPICAL CIRCUIT CONNECTION 


(1< Vg<37) 


MC1723 


(MC1723C) Vin = 20 Vde 


27 
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= J 
RI + R2 Vsense _ 0.66 
Isc = = = —— atTy= +25°C 
) Rsc Asc 
For best results 10k << R2< 100k 
For- minimum drift R3 = RIWRZ 
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FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Differential Input Voltage 


Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C 
Derate above T = +25°C 
Thermal Resistance, Junction to Air 
Metal Package 
Ta = +25°C : 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
To = +25°C 
Derate above Tp = +25°C 
Thermal Resistance, Junction to Case 
Dual In-Line Ceramic Package 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 


Operating and Storage Junction Temperature Range 
‘Metal Package 
Oual In-Line Ceramic and Ceramic Flat Packages -65 to +175 : 


| Operating Ambient Temperature Range- ; _ Ta . © 
MC1723C 0 to +70 . 
MC1723. - ' -§5 to +125 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Ta = +25°C, Vin 12 Vdc, Vo = 5.0 Vae, It, = 1.0 mAde, Rgc = 0, 
C1 = 100 pF, Cre¢ = 0 and divider impedance as seen by the error amplifier < 10 kQ connected as shown in F igure 1) 


BCom NO Sy (ens Vn” Wd 
Output Voltage Range | Vo _] Lo mer ee Ce 
a 

ae | ee ee Oa 


-65 to +150 


Line Regulation 
. JI2V<ViA<15 V 

‘= Oo in 
Ta = #28°C) V9 V< Vin <40 V 
(Tlow O<t, <Thigh @) ‘ 
12V<Vin S15 V 


Load Regulation (1.0 mA<J, <50 ma) 
Ta = +25°C 
Tow Y<Ta <Thigh @ 

Ripple Rejection (f = 50 Hz to 10 kHz) 
Cref = 0 

Cref = 5.0 uF 


Short Circuit Current Limit (Rgc = 102, 
Vo = 0) : 


Long Term Stability 


koe 
ne 
Aik esa 
20 
2.5 ; 
hae eee ee 
B : i 
0.2 
eal as 


Vin 
Vo 
Output Noise Voltage (f = 100 Hz to 10 kHz) VN 
. Cref = 0 
Cref = 5.0 uF d 
Average Temperature Coefficient of Output TCVo 
Voltage (Tipw Y<T a <Thigh@) 
%VO 
0.3 
74 
\ 86 
OrTiow = 0°C for MC1723C @ thigh = +70° C for MC1723C 


mAdc 
= -55°C for MC1723 . = +125°C for MC1723 © 


%/1000 Hr 
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TYPICAL CHARACTERISTICS 
(Vin = 12 Vde, Vo = 5.0 Vde, I, = 1.0 mAdc, Rsc = 0, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — MAXIMUM LOAD CURRENT AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


Tj max = 150°C 

RTH = 150°C/W 
PSTANDBY = 60 mW 
(No heat sink) 


IU (max) LOAD CURRENT (mA) 


Vin-V 9, INPUT-OUTPUT VOLTAGE (VOLTS) 


FIGURE 6 — LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 
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FIGURE 8 — CURRENT LIMITING CHARACTERISTICS 


RELATIVE QUTPUT VOLTAGE (VOLTS) 


10, OUTPUT CURRENT (mA) 


Regioad, LOAD REGULATION (% Vg) 


CURRENT LIMIT SENSE VOLTAGE (VOLT) 


FIGURE 5 — LOAD REGULATION CHARACTERISTICS 
WITHOUT CURRENT LIMITING 


Regigad. LOAD REGULATION (%Vg) 


1g, OUTPUT CURRENT (mA) 


FIGURE 7 — LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 
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19, OUTPUT CURRENT (mA) 


FIGURE 9 — CURRENT LIMITING CHARACTERISTICS 
AS A FUNCTION OF JUNCTION TEMPERATURE 


~ LIMITING CURRENT (mA) 


TJ, JUNCTION TEMPERATURE (°C) ~ 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 = LINE REGULATION AS A FUNCTION ’ FIGURE 11 — LOAD REGULATION AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


_ Regin, LINE REGULATION (%Vg) 
Regioad. LOAD REGULATION (% Vg) 


~ Vin -Vo. INPUT-OUTPUT VOLTAGE (VOLTS) : Vin-Vo, INPUT-OUTPUT VOLTAGE (VOLTS) 


FIGURE 12 — STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE FIGURE 13 — LINE TRANSIENT RESPONSE 
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OUTPUT VOLTAGE DEVIATION (mV) 
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, : FIGURE 15 — OUTPUT IMPEDANCE AS 
FIGURE 14 —~ LOAD TRANSIENT RESPONSE FUNCTION OF FREQUENCY 
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. TYPICAL APPLICATIONS 


Pin numbers adjacent to terminals are for the metal | package ; 
pin numbers in parenthesis are for the dual in-line packages . 


FIGURE 16 — TYPICAL CONNECTION FOR 2< Vgo< 7 FIGURE 17 — MC1723,C FOLDBACK CONNECTION 


6(10) Ast (12) 8 : (10) Rsc 


(12) 8 


MC1723 
(MC1723C) 


MC1723 


RS (MC1723¢). 


Cref R2 
Vo 
= = = — ' 
= = = = a HE 
és R2 n . Vsense ~ 0.66 - ~ r, 
Vo =| 5 + ail ISO = Ree Age ot T= *25°C ft Ra= an 10k where a= —Ysense_ is . | 
Isc \knee Vo Isc 
For best results 10k << R1+R2< 100k. {_— Soy : 
For minimum drift R3 = RIR2. Rg = ee 
: : (1-«) Ig¢ 
: FIGURE 19 — +5 V, 1-AMPERE HIGH 
FIGURE 18 — +5 V, 1-AMPERE SWITCHING REGULATOR EFFICIENCY REGULATOR 
2N4918 or Equiv 1mH Vin 7 ‘Vo 


2N3055 


4 +6V 
1N4001 ne or Equiv . 
0 Equiv Vin 2 = 


+10V +hV 


M1723. 
(MC1723¢) 2k 


MC1723 
(MC1723C) 


FIGURE 20 — +15 V, 1- AMPERE REGULATOR 


WITH REMOTE SENSE Pie FIGURE 21 - -15 v NEGATIVE REGULATOR 
0.33 
(12) : 


2N3055 ie 
Vin : or Equiv 


MC1723 
(MC1723C) 


MC1723 
{MC1723C) 
0.1 pF 


2N3055 
or Equiv 
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TYPICAL APPLICATIONS (continued) 


FIGURE 22 — +12 V, 1-AMPERE REGULATOR 
USING PNP CURRENT BOOST 


2N3791 
Vin or Equiv 
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12k 
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THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate ata given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 


Potts) : 
DITA) = “Ra yaltyp) 2ViIs-Vo lo 


Where: PD(Ta) = Power Dissipation allowable at a given 
operating ambient temperature. 
TJ(max) = Maximum Operating Junction Temperature 


as listed in the Maximum Ratings Section 
TA = Maximum Desired Operating Ambient 


Temperature 
Rg ja(Typ) = Typical Thermal Resistance Junction to 
. Ambient : 


Ig = Total Supply Current 


Mc3420 
MC3520. 


‘ 


Advance Information 


SWITCHMODE REGULATOR ; 
SWITCHMODE REGULATOR CONTROL CIRCUIT 


CONTROL CIRCUIT 


The MC3520/3420 is an inverter control unit which provides all the 
control circuitry for PWM push-pull, bridge and series type switch- 
mode power supplies. 

These devices are designed to supply the pulse width modulated 
drive to the base of two external power transistors. Other applica- 
tions where these devices can be used are in transformerless voltage 
doublers, transformer coupled dc to dc converters and other power 
control functions. , 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


e 


The MC3520 is specified over the military operating range of -55°C 
“to +125°C. The MC3420 is specified from 0°C to +70°C. 


Includes 100 kHz Symmetrical Oscillator P SUFFIX 


@ OnChip Pulse Width Modulator, Voltage Reference, asian) eRe ta 
Dead Time Comparator, and Phase Splitter ' Wi : 
@ Output Frequency Adjustable (2 kHz to 100 kHz) 7 Y , 
@ Inhibit and Symmetry Correction Inputs Available 
L SUFFIX 
® Controlled Start-Up ; CERAMIC PACKAGE 
: CASE 620 
@ Frequency and Dead Time are Independently Adjustable 
(0% to 100%) 
@ Can be Slaved to Other MC3420's 
3 
Open Collector Outputs ~ PIN CONNECTIONS eee 
@ Output Capability 50 mA (Max.) Symmetry 
@ On Chip Protection Against Double Pulsing of Same Output eu 


\ 


Inhibit ; 


Osc. 
Output 


During Load Transient Condition 
FIGURE 1—TYPICAL APPLICATION 


Adjust 


Ramp 
Out 


+10 to 30 V 


jInrush ! to 
Current Base 

; Delay | Drive 
felled Circuit 


ORDERING INFORMATION 


See, TEMPERATURE 
DEVICE 
* mc3420e 0to+70°C Plastic DIP 


~ MC3420L 0 to+70°C Ceramic DIP 
MC3520L -55 to+125°C 


| Start i 
ij it! 
| Circuit! Ve 


4-69 Oe 


MC3420, MC3520 


ELECTRICAL CHARACTERISTICS (voc = 15 V, Ta = 25°C unless otherwise noted.) 


Output Frequency Range 
Frequency Stability 
(Ta = Thigh to Tow, 19<Vcec<30 V) 
Voltage Reference 
Temperature Coefficient of Voltage Reference 
} (Ipe¢ = 400 uA) 
Output Voltage 
(lo = +40 mA) 
(loL = +25 mA) 


Oscillator Output Voltage 
(lol =+5mA) 


(Vii = 0.7,V) 


inhibit tyr 
(Vip = 2.4V) 


Minimum Dead Time 


Tow =-55_C for MC3520 
0°C for MC3420 


Thigh = +125°C for MC3520 
+70°C for MC3420 


FIGURE 2—EQUIVALENT CIRCUIT 
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GENERAL INFORMATION 


The internal block diagram of the MC3420 is shown in 
Figure 2, and consists of the following sections: 


Voltage Reference 


A-stable reference voltage is. generated by the MC3420 
primarily for internal use. However, it is also available 
externally at. Pin 9 (Vref) for use in setting the dead 
time (Pin 7) and for use as a reference for the external 
control loop error amplifiers. : 


Output 4 


Symmetry 
Inhibit Correction 
Input/Output 2 Inhibit 


Ramp Generator 


The ramp generator section produces a symmetrical 
triangular waveform ramping between 2.0 V and 6.0 V, 
with frequency determined by an external resistor (Ret) 
and capacitor (Cex) tied from Pins 1 and 2, respectively, 
to ground. 


PWM Comparator 


. The output of the ramp geriérator at pin 8 is normally 


connected to Pin 5, RAMP IN. The PWM (pulse width 
modulation) comparator compares the voltage at Pin 6 
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(Vcontrol) to the ramp generator output. The level of 
Vcontrol determines the outputs’ pulse width or duty 
cycle, The duty cycle of each output can vary, exclu- 
sive of dead time, from 50% (when Veontrol is at 
approximately 2.0 V) to 0% (Veontro} approximately 


Phase Splitter 


A phase splitter is included to obtain two 180° out of 
phase outputs for use in multiple transistor inverter 
systems. It consists of a toggle flip-flop whose clock 


6.0 V). ~ signal is derived by “ANDing” the output of the PWM 
: comparator and a signal from the ramp generator section. 
This “AND” gate ensures that the outputs truly alternate 
under control loop transient conditions. Better under- 
standing of this feature and MC3420 operation may be 
gained by studying the circuit waveforms, shown in 
Figure 3. 


Dead Time Comparator 


An additional comparator has been included in MC3420 
to allow independent adjustment of system dead time or 
maximum duty cycle. By dividing down Vref at Pin 9 
with a resistive divider or potentiometer, and applying 
this voltage to Pin 7, a stable dead time is obtained for 
prevention of inverter switching transistor cross conduc- 
tion at high duty cycles due to storage time delays. 


FIGURE 3 — INTERNAL WAVEFORMS 
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Dead Time A200 Ne 


_ Adjust 


\flustration of 
Prevention of ‘‘Double- (Limited By, 
Pulsed’’ Outputs During Dead Time Setting) 
Transient Conditions (Low Input 

By Use of AND Gate Voltage and/or 

At F/F Clock tnput Heavy Output Load) 
(Transient Output Load) 


Normal Steady State 
Operation (Constant 
input Voitage & Load) 


Max. Duty Cycle 


*High Level Corresponds to 
Output Transistor ‘ 
Saturation 


Ramp In, Ramp Out Tied Together (Pins 8 & 5) 
PWM Out, Output 2 Inhibit Tied Together (Pins 4 & 16) 
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Outputs 
The outputs of the MC3420 are open collector transistors 
capable of sinking up to 50 mA and blocking up to 40 


V. They may be wire-ORed for operation in single transis- 


tor inverter systems. 


Symmetry Correction Input 


In some PWM inverter/converter ‘configurations it may 
be desirable that one output’s duty cycle be controlled 


independently of the other’s for implementation of a. 


system symmetry correcting control loop. In these cases, 
. independent control of output 2 (Pin 13) pulse width 
may be obtained by using the symmetry correction 
input (Pin 16). » 
Normally, Pin 16 is connected to Pin 4 (PWM OUT) and 
output 2’s duty cycle is controlled by the PWM com- 
parator, as is output 1’s duty cycle. However, by not 


making this connection and driving Pin 16 externally, 
independent control of output 2’s duty cycle from 0% 
to 50% (exclusive of dead time) can be obtained. Output 
2 will be on (saturated) during its allowable conduction 
period if Pin 16 is at or above 2.4 V and will turn off 
when Pin 16 is at 0.7 V or less (TTL compatible). 


Inhibit , 

An inhibit function is also ingluded in the MC3420, 
When Pin 15 is held at 0.7 V or less, both outputs of the 
MC3420 are forced off (non-conducting). In addition, 
this inhibit function disables an open-collector output, 
OSCILLATOR OUTPUT (Pin 14). This output normally 
switches at the same frequency as Output 1 with a con- 
stant 50% duty cycle, and can be used to implement 
various system features such as inrush current limiting 
’ (see Applications Information section). 


APPLICATIONS INFORMATION 


The Voltage Reference 


The temperature coefficient of Vref has been optimized 
for a 400 WA (=20 kQ) load. Different loadings of Pin 9 
will result in decreased temperature stability. If increased 
current capability is required, an op amp buffer may be 
used, as shown in Figure 4, to prevent adecrease in Vref's 
temperature stability. 


FIGURE 4 


+ 
MC1741 


Output Frequency 


The values of Rext and Cex;+ for a given output frequency, 
fg, can be found from: 


FIGURE 5S 


25 


HINT PONTE | 
+y [| NOTE NIN 
i 0 | a A 
pl pape ey SE TET 


2k 10k 20k 100k 
fy: OUTPUT FREQUENCY (Hz) 


Rext, EXTERNAL RESISTANCE (kQ) 


0.55 


20 kQ: 
Rext Cext’ 


fo ;5.0kQ<Rext< 


or from the graph shown in Figure 5. 


Note that fo refers to the frequency of Output 1 (Pin 
11) or Output 2 (Pin 13). The frequency of the ramp 
generator output waveform at Pin 8 will be twice fo. 


Dead Time 


Figure 6 illustrates how to set or adjust the MC3420 
outputs’ dead time or maximum duty cycle: For mini- 
mum dead time drift with temperature or supply voltage, 
Vp.T. should be derived from Vref as shown. 


i FIGURE 6 


Vref YD.T.-2 


Dead Time ~ i= ( 
fo 


R* where fy is the output 


Dead Time 
20 kQ frequency 


Adjust 


* Total circuit resistance from Pin 9 to ground should be 
*20 k&2 for minimum adrift 


Connections to the Vo ntrot Pin 


In many systems, it is necessary to make multiple con- 
nections to the Veoniro} Pin in order to implement 
features in addition to voltage regulation such as current 
limiting, soft start, etc. These can be made by the use of 
a simple ‘‘diode-or’’ connection, as shown in Figure 7. 
This allows whichever control element is seeking the 
lowest PWM duty cycle to dominate. Note that a re- 
sistor, R1, whose value is < 50 kQQ is placed from. the 
Vecontrol Pin to ground. This is necessary to provide adc 
path for the PWM comparator input bias current under . 


_all conditions. 


Soft Start 


In most PWM switching supplies, a soft start feature is 
desired to prevent output voltage overshoots and magne- 
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FIGURE 7 


1N4148’s 
to soft start circuit 


to voltage control 


circuit 


to current limit 
circuit 


R1<50 kD. 


tizing current imbalances in the power transformer 
primary. This feature forces the duty cycle of the 
switching elements to gradually increase from zero to 
their normal operating point during initial system power- 
up or after an inhibit. This feature can be easily imple- 
mented with the MC3420. One method is shown in 
Figure 8. 


FIGURE 8 


D1 


To Voltage 
& 
Current 
Control 
Loops 


4 1 — D4: 1N4148 


D 


R1<50 k2 


After an inhibit command or during power-up, the volt- 
age on R1 and Pin 6 exponentially decays from VCC 
toward ground with a time constant of R1C1, allowing a 
gradual increase in duty cycle. Diodes D2 — D4 provide 
a diode-or function at the Veontrol Pin, while Q1 serves 
to reset the timing capacitor, C1, when an inhibit com- 
mand. is received thereby reinitializing the soft-start 
feature. D1 allows C1 to reset when power (Vcc) is 
turned off. ' 


Inrush Current Limiting 


Since many PWM switching supplies are operated directly 
off the rectified 110 Vac line with capacitive input 
filters, some means of preventing rectifier failure due to 
inrush surge currents is usually necessary. One method 
which can be used is shown in Figure 9. 

in this circuit, a series resistor, Rs, is used to provide’ 
inrush surge current limiting. After the filter capacitor, 
C1, is charged, Q1 receives a trigger signal from the con- 
trol circuitry through T1 and shorts Rg out of the cir- 
cuit, eliminating its otherwise larger power dissipation. 
The trigger signal for Q1 may be derived from either the 


oscillator output (Pin 14) or one of the MC3420's out- | 


puts. If the oscillator output is used, it will be necessary 


FIGURE 9 


T1 
to control 
circuitry 


; + (to power switching 
Rectifiers section 


to provide a time delay on the inhibit pin to keep it low, 
until the input filter capacitor, C1, has had time to 
charge, whereas the initial portion of the soft start 
timing cycle can be used for this delay if this signal is 
derived from one of the output pins. However, using the 
Oscillator Output Pin does offer the advantage that its 
waveform has a constant 50% duty cycle, independent 
of the outputs’ duty cycle which can simplify the design 
of a drive circuit for T1. 


Slaving 


tn some applications, as when one PWM inverter/con- 
verter is used to feed another, it may be desired that 
their frequencies be synchronized. This can be done 
with multiple MC3420s as shown in Figure 10. By 
omitting their Rext and Ceyt, up to two MC3420s may 
be slaved to amaster MC3420. 


FIGURE 10 — SLAVING THE MC3420 
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Advance Information 


SOLID STATE CURRENT LIMITER 


CURRENT LIMITER WITH 
THERMAL SHUTDOWN 


Intended to protect sensitive circuitry from excessive current flow, 
this current limiter appears as a low impedance path with approxi- 
mately 4.5 V drop until a current level of 225 mA is reached. At this 
point, the unit goes into a constant current mode preventing an in- 
crease in load current and protecting the load. 

The high power dissipation in this mode causes the MC3422 die 
temperature to increase rapidly and when a temperature of about 
125°C is reached, the device lowers the series current to about 15 
mA to avoid destruction. The MC3422 will automatically reset itself 
to the normal operating mode when the fault condition is removed. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


T SUFFIX 
PLASTIC PACKAGE 
CASE 313 


@ Limiting Current — 225 mA Typ 
@ Thermal Shutdown 

© Two Leads 
e 


PIN 1. INPUT 
2, OUTPUT ° 
3. N.C. 


Heatsink surface connected to Pin 3. 


High Breakdown Voltage ~ 60 V Min 


R SUFFIX 
METAL PACKAGE 
CASE 80 

TO-66 


Output . ; 
(-) 
Bottom View 


Case Output 


FIGURE 1 — TYPICAL OPERATING AREA 


Current 
Limiting 


PIN 1. INPUT (Base) 
2. OUTPUT (Emitter) Input 
CASE. OUTPUT (4) > 


CURRENT 


APPLIED VOLTAGE 


TYPICAL CIRCUIT 
CONNECTION | 


FIGURE 2 — CIRCUIT TO ELIMINATE 
CONTACT BURNING 
DUE TO CONTACT BUNCHING 


Output 


Pca FON 


Output 


Input 
+ 


ORDERING INFORMATION - 


; | Temperature 
Device Range Package 
MC3422T : 0 to +70°C Plastic Power 
MC3422R 0 to +70°C Meta! Power 


Current 
Limiter 


Output 


This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (Ta = 25°C) 


Internally Limited 


Operating Junction Temperature 


Storage Temperature Range 
Plastic Package 
Metal Package 


~65 to +150 


—65 to +150 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
Metal Package 
Plastic Package 


Thermal Resistance, Junction to Ambient 
Metal Package , 
Plastic Package 


Limiting Current 
(V¢ = 4.8 V) 


(V_ = 15 V) 


Forward Voltage Drop 
(IL = 1.5 mA) 
(iL = 0.5 mA) 


Output Resistance (Non-Limiting Mode) 
(tL = 60 mA to 10 mA) 


Shutdown Current 
(V_¢ = 60 V) (After Thermal Shutdown) 


Maximum Applied Voltage Vm 


Temperature Coefficient of Forward Voltage 
(ty = 10 mA) : 


Temperature Coefficient of Limiting Current 


FIGURE 3 — LIMIT REED CONTACT ; 
PEAK CURRENT FIGURE 4 — LIMIT LINE LOOP CURRENTS 


+ 


input Output Reed 


Current Contact 


Limiter 


Current 
Limiter 
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'MC7700C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS. 


The MC7700C Series positive voltage regulators are identical to 
the popular MC7800C Series devices, except that they are specified 
for only half the output current. Like the MC7800C devices, the 
MC7700C three-terminal regulators are intended: for local, on-card 
voltage regulation. 

Internal current limiting, thermal shutdown circuitry and safe- 
area compensation for the internal pass transistor combine to make 
these devices remarkably rugged under most operating conditions. 
Maximum output current, with adequate heatsinking is 750 mA. 


@ No External Components Required 

@ Internal Thermal Overload Protection 

@ Internal Short-Circuit Current Limiting 

© Output Transistor Safe-Area Compensation 
e 


Packaged in the Plastic Case 313 and Case 79 
(TO-220 and Hermetic TO-39) 


REPRESENTATIVE SCHEMATIC DIAGRAM 


2 
ie 
ps TE 
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MC77XXCT T,=0°C to +150°C Plastic Power 


-MC7700€ 


series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


G SUFFIX . T SUFFIX 
METAL PACKAGE PLASTIC PACKAGE 
CASE 79 CASE 313 

TO-39 (TO-220 Type) 


(9) 


Bottom 
View 


Pin 1. lnput 


Pin 1. Input 
2. Output 
3. Ground 


Case connected 
to Pin 3. 


STANDARD APPLICATION 


MC77XXC Output 


A common ground is required between the 
input and the output voltages. The input volt- 
age must rernain typically 2.0 V above the out- 
put voltage-even during the low point on the 
input ripple voltage. 


XX = these two digits of the type number indi- 
cate voltage. 


'* = Cin is required if regulator is located an 
appreciable distance from power supply 
filter. 


**=Co improves stability and transient re- 
sponse. 


[ oevice | Tenpenarune navot | paceace_| 
! Piast Power | 


XX indicates nominal voltage 


TYPE NO./VOLTAGE 
-MC7705C 5.0 Volts 
MC7706C — 6.0 Volts 
MC7708C - 8.0 Voits 
MC7712C 12 Volts 


MC7715C 15 Volts 
MC7718C 18 Voits 
MC7720C 20 Volts 
MC7724C =. 24 Volts 


MC7700C Series 


MC7700C Series MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


‘Symbol 


input Voltage (5.0 V - 18 V) Vy 35 
(20 V - 24 V) 40 


Power Dissipation (Package Limitation) ; 
Plastic Package 
Ta = 25°C : internally Limited 
Derate above Tq = 25°C ; 70 
To = 25°C : Internally Limited 
Derate above Tc = 110°C 5.0 
Metal Package 
Ta = 25°C ; Internally Limited 
Derate above Ta = 25°C _ 185 
To = 25°C Internally Limited 
Derate above Tc = 85°C Ic 25 


Operating Junction Temperature Range Ty 0 to +125 
Operating Ambient Temperature Ranye ; 


Storage Temperature Range . ; 
Plastic Package . —65 to +150 
Metal Package i -65 to +150 


Characteristic 
Output Voltage (Ty = +25°C) 
Line Regulation 
(Ty = +25°C, Io = 50 mA) 
7.0 Vde < Vj < 25 Vde 
» 8.0 Vde < Vy < 12 Vde 
(Ty = +25°C, to = 250 mA) 
7.0 Vde < Vj < 25 Vde 
8.0 Vde < V}. < 12 Vde 
Load Regulation , 
Ty = +25°C, 5.0 mA <Ig <750 mA 
125 mA <9 <375 mA 


Output Voltage 


Input Bias Current Change 
7.0 Vde < Vj < 25 Vde 
5.0 mA <1Q <750 mA 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) ; 


Long-Term Stability 
Ripple Rejection (Iq = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 
Io = 500 mA, Ty = +25°C 


Output Resistance (ig = 250 mA) 
Short-Circuit Current Limit (Ty =+259C) 


Average Temperature Coefficient of Output Voltage _ 
-Iq =5.0 mA, 0°C <Tp <+125°C 


*Pmax =-75 W for Case 313 
Pmax = 5.0 W for Case 79 
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MC7700C Series 


pal debs ELECTRICAL CHOHACTERISTICS (Vy = 11 V,1Q = 250 mA, OPC < Ty < +125°C unless otherwise noted.) 


a ee 
Output Voltage (Ty = FO 


Line Regulation 
(Ty = +25°C, Ig = 50 mA) 
8.0 Vde < Vy < 25 Vde 
9.0 Vde < Vy < 13 Vde 
(Ty = +25°C, Io = 250 mA) 

8.0 Vde < v < 25 Vde 

9.0 Vde < Vj < 13 Vde 


Load anne 
Ty = +25°C, 5.0 mA <ig <750 mA 
125 mA <iq <375 mA 


a 
oO 


jo 


OT om 
ow 


Output Voltage ‘ 
8.0 Vde < Vy < 21 Vdc, 5.0 mA < Ig < 500 mA, P< Pmax* 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
8.0 Vde < V| < 25 Vde 
' 5.0mA <!Qo < 750mA 


Output Noise Voltage (Tp = +25°C, wWHz<f< 190 sib 


‘Long-Term Stability 


Ripple Rejection (1g = 20 mA, f = 120 Hz) a 


Input-Output Voltage Differential Vi- Vo 
1¢ = 500 mA, Ty = +25°C 


Output Resistance (Iq = 250 mA) ra 
Short-Circuit Current Limit (Ty = +25°C) | sc | 
AVo/AT 


Average Temperature Coefficient of Output Voitage 
19 = 5.0 mA, 0°C <Ta <+125°C 


Charsceattit 


Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, 1g = 50 mA) | 
10.5 Vde < V} < 25 Vde 
11 Vde < Vj < 17 Vde 
(Ty = +25°C, Ig = 250 mA) 
10.5 Vde < Vj < 25 Vde © 
11 Vde < Vj < 17 Vde 


Load Regulation 
Ty = +25°C,5.0mA < <ig< 750 mA 
125 mA <!9 <375 mA 
Output Voltage 
10.5 Vde < Vy < 23 Vdc, 5.0 mA < Ig < 500 MA,P < Prax* 


input Bias Current (Ty = +25°C) 


Input Bias Current Change 
10.5 Vde < Vj < 25 Vdc 
5.0 mA <!lo S750 mA 


, Output Noise Voltage Ta = +25°C, 10 Hz <f <100 kHz) 


Long-Term Stability 
Ripple Rejection (1g = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 


NO 
NO 


nN 
o 


ise] 
=] 


NS 
(o) 


Iq = 500 mA, Ty = +25°C 


Output Resistance (Iq = 250 mA) 


Short-Circuit Current Limit (Ty = +25°C) 


Average Temperature Coefficient of Output Voltage : : 
19 = 5:0 mA, °C <Tp <4125°C 


*Pmax = 7.5 W for Case 313 
Pmax = 5.0 W for Case 79 


4 oO © 
CHE ° 
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MC7700C Series 


MC7712C ELECTRICAL SAC TRISH (Vj) = 19 V, Iq = 250 mA, O°C < Ty < +125°C unless otherwise noted.) 


Output. Voltage (Ty = a 


Line.Regulation 
(Ty = +25°C, Iq = 50 mA) 
14.5 Vde < Vy < 30 Vde 
16 Vde < Vy < 22 Vde 
(Ty = +25°C, Io = 250 mA) 
14.5 Vde < V} < 30 Vde 
16 Vde < Vj < 22 Vde 


Load Regulation 
Ty = +25°C, 5.0 mA <Ig <750 mA 
125 mA <lo <375 mA 


Output Voltage 
14.5 Vde < Vj < 27 Vde, 5.0 mA < lg < 500 mA,P < <Pmax* 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change . 
14,5 Vde < Vy < 30 Vde 
5.0 mA <1lp9 <750 mA 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 
Long-Term Stability 


“Taput. Output vorues Differential 
IQ = 500 mA, Ty = +25°C 


Output Resistance (Iq = 250 mA) 
Short-Circuit Current Limit (Ty = +25°C) 


Average Temperature Coefficient of Output Voltage 
19 = 5.0 mA, 0°C <Tpa <+125°C 


MC7715C ELECTRICAL CHARACTERISTICS (v, = 23 V, Io = 250 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Output Voltage (Ty = ali 


Line Regulation 
(Ty = +25°C, Iq = 50 mA) 
17.5 Vde < Vj < 30 Vde 
20 Vde < Vj < 26 Vde 
(Fy = +25°C, Ig = 250 mA) 
17.5 Vde < Vj < 30 Vde 
20 Vde < V} < 26 Vde 
Load Regulation 
Ty = +25°C, 5.0 mA <iq <750 mA 
125 mA <1o =22 mA 


Output eas 
17.5 Vde < Vj < 30 Vdc, 5.0mA < 


Input Bias aan (Ty = +25°C) 


Input Bias Current Change 
17.5 Vde < Vj < 30 Vde 
5.0 mA < lg < 750 mA 


Output Noise Voltage ules = +25°C, 10 Hz <f <100 kHz) 


Input-Output Voltage Differential 
cq = 500 mA, Ty = +25°C » 


Output Resistance (Ig = 250 mA) 


‘Short-Circuit Current Limit (Ty = +25°C) 


Average Temperature Coefficient of Output Voltage 
Ig = 5.0 mA, 0°C <Ta <+125°C 
“Prax = 7-5 W for Case 313 
Pmax = 5.0 W for Case 79 
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MC7700C Series 


MC7718C ELECTRICAL CHARACTERISTICS (Vv; = 27 V, 19° 250 mA, 0°C < Ty < +125°C aa otherwise noted.) 


Output Voltage (Ty = +26°C) eae 


Line Regulation 
(Ty = +25°C, Io = 50 mA) 
21 Vde < Vi < 33 Vde 
24 Vde < Vj < 30 Vde 
(Ty= tote IQ = 250 mA) 
21 Vde < Vj < 33 Vde 
24 Vde < Vv; < 30 Vde 


Load Regulation 
Ty = +25°C, 5.0mA <Iq <500 mA 
125 mA <1g <375 mA 


Output Voltage 5 
21 Vde < Vy < 33 Vde, 5.0 mA < lg < 500 mA, P < 


Input Bias Current (Ty = +25°C) 


Input Bias ee Change 
21 Vde < V) < 33 Vde 
5.0mA =i <500 mA 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 
‘Long-Term Stability 
Ripple Rejection (!Qq = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 
19 = 500 mA, Ty = +25°C 


‘| Output Resistance (lq = 250 mA) 


Short-Circuit Current Limit (Ty = +25°C) 


Average Temperature Coefficient of Output, Voltage 
19 = 5.0 mA, 0°C <Tp <+125°C 


MC7720C. ELECTRICAL CHARACTERISTICS (vj = 29 V, Iq = 250 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Symbol 
Output Voltage (Ty = +25°C) | vo | 


Line Regulation Regline 
(Ty = +25°C, lo = 50 mA) 
23 Vde < Vy < 35 Vde 
26 Vde < Vj < 32 Vde 
(Ty = +25°C, Iq = 250 mA) 

23 Vde < Vj < 35 Vde 

26 Vde < Vy} < 32 Vde 


Load Regulation —_ 
Ty = +25°C, 5.0 mA <Ig < 500 mA 
125 mA <ig <375 mA _ 


Output ee 


Regioad 
23 Vde < Vj < 35 Vde, 5.0 mA < ox 500 mA, P< Pmax" 


Input Bias Current (Ty = +25°C) | ig 


Input Bias Current Change 
23 Vde < V\ < 35 Vde 
5.0mA Sto <750 mA 


[Sur Noe Votaw (fq 126°6,ore<reioowd | Ww _—| 
[Rie Rapion g=aomm,fa vo 
ge 500 mA, Ty = 126°C 
mn oe 
Ses fr em 
Average Temperature Coefficient of Output Voltage 
Iq = 5.0 mA, 0°C <T a <+125°C 


*Pmax = 7.5 W for Case 313 
P max = 5.0 W for Case 79 
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MC7700C Series 


MC7724C ELECTRICAL CHARACTERISTICS (vj = 33, Ig = 250 mA, 0°C < Ty < +125°C unless otherwise noted.) 
7 


Typ 


Output Voltage (Ty = +25°C) 


Regline 


Line Regulation 
(Ty = +25°C, 19g = 50 mA) 
27 Vde < V) <38 Vde © 
30 Vde < Vj < 36 Vde 

(Ty= +25°C, 1g = 250 mA) 

27 Vde < V) < 38 Vde 

30 Vde < Vj < 36 Vde 


N 
= W nD 
Z E 


Load Regulation Regioad 
Ty = +25°C, 5.0 mA <!Ig <500 mA 


125 mA <!9 <375 mA 


ves 
om 


ro) 
N 
N 
os) 


NO] o 
oOo] © 


Output Voltage 
27 Vde < V; < 38 Vde, 5.0 mA < Ig < 500 mA, P < Pmax* 


input Bias Current (Tj = +25°C) 


Input Bias Current Change 
27 Vde < Vj <38 Vde 
5.0 mA. <!19 <500 mA 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 


Ripple Rejection (19 = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential f V1-Vo 
- IQ = 500 mA, Ty = +25°C 


Output Resistance (1g = 250 mA) 


Fo 
Short-Circuit Current Limit (Ty = +25°C) Isc 


uv 
mvV/1.0k Hrs 


< 
2 


Average Temperature Coefficient of Output Voltage AVO/AT 
Io = 5.0 mA, 0°C <Ta <+125°C 


*Piax = 7.5 W for Case 313 
Pmax = 5.0 W for Case 79 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


Where: Po(T,) = Power Dissipation allowable at a given oper- 
ating ambient temperature. 


Tj(max) = Maximum Operating Junction Temperature as listed in ~ 


the Maximum Ratings Section 


r —T 
Po(T,) = simex a 2Vi Ig —Vo!o T , = Maximum Desired Operating Ambient Temperature 
: A Rasa'typ) S° A 


‘Roya(Typ) = Typical Thermal Resistance Junction to Ambient 


Ig = Total Supply Current 


DEFINITIONS 
Line Regulation — The change in output voltage for a change in Input Bias Current — That part of the input current that is not 
the input voltage. The measurement is made under conditions of delivered to the load. 
low dissipation or by using pulse techniques such that the average ae : 
chip temperature is not significantly affected. ; Output Noise Voltage — The rms ac voltage at the output, with 
: ‘ o constant load and no input ripple, measured over a specified fre- 
Load. Regulation — The change in output voltage for a change in " quency range. : , 


load current at constant chip temperature. ; ; : 
, 7 ; Long Term Stability — Output voltage stability under accelerated 


Maximum Power Dissipation — The maximum total device dissi- ; life test conditions with the. maximum rated voltage listed in the 
pation for which the regulator will operate within specifications. devices’ electrical characteristics and maximum power dissipation. 
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MC7700C Series 


TYPICAL PERFORMANCE CURVES 
FIGURE 1 — WORST CASE POWER DISSIPATION 
AMBIENT TEMPERATURE 
T0-220 (CASE 313) 


Pp, POWER DISSIPATION (WATTS) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 
1.25 


ig, QUTPUT CURRENT (AMPERES) 


0 3.0 


f 6.0 
Vi-Vo, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


© 
(—) 


18 21 24 
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Pp, POWER DISSIPATION (WATTS) 


. RR, RIPPLE REJECTION (dB) 


FIGURE 2 — WORST CASE POWER DISSIPATION — 
- AMBIENT TEMPERATURE 
TO-39 (CASE 79) 


0 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 


Cre Coa 
COP cence 
co Te 
FICCI sess TE 
OC 

on 

100 1.0k 10k , 
f, FREQUENCY (Hz) 


MC7700C Series 


APPLICATIONS INFORMATION 


Design Considerations ; 

The MC770G0C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, internai 
Short-Circuit Protection that ‘timits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 


to thé power supply filter with fong wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to. insure 
stable operation under all toad conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having ow internal impedance 
at high frequencies should be chosen, The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 


In many low current applications, compensation capacitors are since the regulator has no external sense lead. 


not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


FIGURE § — CURRENT REGULATOR FIGURE 6 ADJUSTABLE OUTPUT REGULATOR DR 


MC7705C , ie MC7705C ie 


Constant y 


Current to 7 2 | 
Te: Grounded Load 
O 


O 
: : 4 3 
The MC7700C regulators can also be used as a current source ; pS 
when connected as above. tn order to minimize dissipation the ciara | 
MC7705C is chosen in this application. Resistor R determines 

the current as follows: 


nWoV . 
lo=—- +19 Vo, 7.0 V to 20 V . ; : 
R Vin - Vo 22.0V 

IQ = 1.5 mA over line and joad changes 

: The addition of an operational. amplifier allows adjustment to 
higher or intermediate values while retaining regulation character- 
istics. The minimum voltage obtainable with this arrangement is 
2.0 voits greater than the regulator voitage. 


For example, a 500 mA current source would require R to be a 
10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage.less 7 volts. 


FIGURE 7 — CURRENT BOOST REGULATOR ; FIGURE 8 — SHORT-CIRCUIT PROTECTION 


MJ2955 
MJ2955 or Equiv 


2N6049 
or Equiv 


1.0 cast a uF Output 


XX = 2 digits of type number indicating voltage. 


XX = 2 digits of type number indicating voltage. 


The MC7700C series can be current boosted-with a PNP transis- 
tor. The MJ2955 provides current to 5.0 amperes. Resistor.R 
in conjunction with the Vge of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. tnput-output differential voltage minimum is increased by 
VBE Of the pass transistor. $ 


The circuit of Figure 7 can be modified to provide supply protec- 
tion against short circuits by adding a short-circuit sense resistor, 
Rec, and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 


terminal regulator. Therefore, a two-ampere plastic power tran- 
sistor is specified. 
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MC7800C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 


The MC7800C Series of three-terminal positive voltage regula- 
tors are monolithic integrated circuits designed as fixed-voltage regu- 
lators for a wide variety of applications including local, on-card 
regulation. Available in seven fixed output voltage options from 5.0- 
to-24 volts, these regulators employ internal current limiting, thermal 
shutdown, and safe area compensation — making them essentially 
blow-out proof. With adequate heatsinking they can deliver output 
currents in excess of 1.0 ampere. The last two digits of the part 
number indicate nominal output voltage. 

Output Current in Excess of 1.0 Ampere 

No External Components Required 

Internal Thermal Overload Protection 

Internal Short-Circuit Current Limiting 


Output Transistor Safe-Area Compensation 


Packaged in the Plastic Case 313 and Case 11 
(TO-220 and Hermetic TO-3) - 


SCHEMATIC DIAGRAM 


Case is ground 
for Case 11, pin 3 
for Case 199-04. 


O Gnd 


' TYPE NO/VOLTAGE 


MC7805C 5.0 Volts MC7808C 8.0 Volts MC7818C 18 Volts 
MC7806C 6.0 Volts MC7812C 12 Volts MC7824C 24 Volts 
MC7815C 15 Volts 
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‘Mc7800C 
Series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


K SUFFIX 
METAL PACKAGE 


CASE 11-01 
(TO-3 TYPE) 


{bottom view) 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 313 
TO-220 Type 


Pin 1. Input 
2. Ground 
3. Output 


b MC78XXC 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


XX = these two digits of the type number indi- 
cate voltage. 


*=Cin is required if regulator is located an 
appreciable distance from power supply 
filter. . 

** =Co is not needed for stability; however, 
it does improve transient response. 
XX indicates nominal voltage 


ORDERING INFORMATION 


- MC7800C Series 


MC7800C Series MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


pacing smb vate nit 


Input Voltage (5.0 V - 18 V) f Vin 35 Vde 
(24 V) 40, 


Power Dissipation and Thermal Characteristics 
Plastic, Package : 
Ta = +25°C Internally Limited 
Derate above Ta = +25°C . 15.4 
Thermal Resistance, Junction to Air : 65 


Te* +25°C Internally Limited 
Derate above Tc = +95°C (See Figure 1) 200 
Thermal Resistance, Junction to Case , : 5.0 


Metal Package ; : 
Ta = +25°C Internally Limited 
Derate above Ta = +25°C 22.5 
Thermal Resistance, Junction to Air . 45: 


Tc = +25°C [ - [Internally Limited 
Derate above Tc = +65°C (See Figure 2) : 182 
Thermat Resistance, Junction to Case 


5.5 
Storage Junction Temperature Range —65 to +150 


Operating Junction Temperature Range 0 to +150 


[characterise yet Tin typ mex [nit] 
| Ourpurvorrage (ty= +25) Tv Tt | so | se ve 


Input Regulation 
(Ty = +25°C, Iq = 100 mA) 
7.0 Vde <Vjn < 25 Vde 
8.0 Vde <Vjpn $12 Vde 
(Ty = +25°C, Iq = 500 mA) 
7.0 Vde-< Vin < 25 Vde 
8.0 Vde < Vin £12 Vde 


Load Regulation 
Ty = +25°C, 5.0mAS Ig S15A 
250 mA <!19 < 750 mA 


Output Voltage 
(7.0 Vdc S$ Vin $20 Vde, 5.0mA <Ig < 1.0 A, P <15-W) 


Quiescent Current (Ty = +25°C) 


_ Quiescent Current Change 
7.0 Vde S$Vin $25 Vde 
5.0MASI9g <1.0A Me 


Output Noise Voltage (Ta =+25°C, 10 Hz <f $100 kHz) VN 
Long-Term Stability . , ; AVo/At 
_ Ripple Rejection (lg = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 
(Io = 1.0-A, Ty = +25°C) == xh 


Output Resistance (Iq = 500 mA) 
Short-Circuit Current Limit (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage F 
IQ = 5.0 mA, 0°C <T py $+125°C | 


485 y z 


MC7800C Series 


MC7806C ELECTRICAL CHARACTE este (Vin = 11 V, 1g = 500 MA, O°C <Ty << +125°C — noted.) 


Output valioes (Ty = +25°C) 


Input Regulation 
(Ty = +25°C, Ig = 100 mA) 


Symbol 


< 


2 2) 
3° to) 
3 
4 


di 


Q 


8.0 Vdc $ Vin $25 Vde 9.0 

9.0 Vde <Vipn $13 Vie 3.0 

(Ty = +25°C, Ig = 500 mA) 

8.0 Vde <Vin < 25 Vde se 120 


9.0 Vde < Vin < 13 Vde 


3 
< 


Load Regulation 
Ty =+25°C, 5.0mA<IQ <1.5A. 
250 mA <1qg $750 mA 


Regioad 
- 120 


for] 
o 


Output Voltage Vde 


(8.0: Vdc <Vin< 21 Vdc, 5.0 MA <IQ<1.0A,P<15 W) 


Quiescent Current (Ty = +25°C) 


Quiescent Current Change 
8.0 Vdc S$ Vin <25 Vde 
5.0mASIQ9<1.0A 


Output Noise Voltage (Ta = +25°C, 10 Hz< f $100 kHz) 


3 
> 


= 
< 


Long-Term Stability 
Ripple. Rejection (19 = 20 mA, f = 120 Hz) 


ae 


3 

$ 

o 3/3 
x > 
x 

DD 

n 


Input-Output Voltage Differential Vin-Vo Vde 
(Ig = 1.0 A, Ty = +25°C) 
Output Resistance (Iq = 500.mA) mQ 


3 
> 


Short-Circuit Current Limit (Ty = +25°C) 
Average. Temperature Coefficient of Output Voltage 
Io =5.0 mA, 0°C ST a <+125°C 
MC7808C ELECTRICAL CHARACTERISTICS (Vin = 14 V, 1g = 500 mA, 0°C <Ty <+125°C unless otherwise noted.) 


Symbol 
Output Voltage (Ty = +25°C) 


Input Regulation 
(Ty = +259C, Ig = 100 mA) 
10.5 Vde < Vin < 25 Vde 
11 Vde < Vin < 17 Vde 
(Ty = +25°C, tg = 500 mA) 
10.5 Vde S Vin & 25 Vde 

11 Vde SVjin <17 Vde 


oe mv/°C 


o= 
Ow 


3 
S$ 
° 
Kr 
<= 
2D 
if?) 


; 313 
Plo, 


3 
< 


i 


Load Regulation 
Ty =+25°C, 5.0mASIQ S15A 
250 mA <!9g $750 mA 


160 


; | 
< 


< 
om 
Gc) 


Output Voltage 


| 
(10.5 Vde <Vin $23: Vdc, 5.0 MA Sig $1.0A,P 15 W) 


Quiescent Current (Ty = +25°C) — 
Quiescent Current Change 
10.5 Vdc S Vin = 25 Vde 
5.OmMASIQO<1.0A 
ene Tenn Stability : 
Input-Output Voltage Differential 
(ig = 1.04, Ty = +25°C) : 
Output Resistance (Ig = 500 mA) | 
Short-Circuit Current Limit (Ty = +25°C) | isc | 
, TCVo 
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? J 


< 
a 
fe) 


Average Temperature Coefficient of Ou tput Voltage _mv/°C 


Ig =5.0 mA, 0°C ST a S+125°C 


MC7800C Series 


MC7812C ELECTRICAL CHARACTERISTICS (Vin = 19 V, Ig = 800 mA, 08°C <Ty <+125°C, uniess otherivise noted.) 


tnput Regulation 
(Ty = +25°C, Ig = 100 mA) 
14.5 Vde SVjn S 30 Vde 
16 Vde SVin S22. Vde 
(Ty = +25°C, Ig = 500 mA) 
14.5 Vde $Vjn $30 Vdc 
16 Vde £Vin < 22 Vde 


Load Regulation : 
Ty =+25°C, 5.0mMASIg < 1.5A 
250 mA <I9 S750MA 


Output Voltage Vo Vde 
(14.5 Vde $Vip S27 Vdc, 5.0 MA< Ig $1.0A, P $15 W) 12.6- 


Quiescent Current (Ty = +25°C} 


Quiescent Current Change 
14.5 Vde <Vin S30 Vde 
5.0mMASIg $1.0A 


Input-Output Voltage Differential 
(Ig = 1.0 A, Ty = +25°C) 


Average Temperature Coefficient of Output Voltage 
(19 = 5.0 mA, 0°C ST pa $+125°C) | 


MC7815C ELECTRICAL CHARACTERISTICS (Vin = 23 V, Iq = 500 mA, 0°C <T) <+125°C, unless otherwise noted.) 


Input Regulation 
(Ty =+25°C, Iq = 100 mA) 
17,5 Vde <Vin < 30 Vde 
20 Vde <= Vin < 26 Vde 
(Ty =+25°C, Ig = 500 mA) 
17.5 Vde < Vin S30 Vdc | 
20 Vde <Vin < 26 Vde 
Load Regulation : 
Ty = +25°C, 5.0mA <IQg <1.5A 
250 mA S!lg £750 mA 


Output Voltage ‘ : 
(17.5 Vde S$Vin $30 Vdc, 5.0 MA < Ig < 1.0 A, P < 15 W) 


Quiescent Current (Ty = +25°C) 


Quiescent Current Change 
17.5 Vde €Vin $30 Vde 
5.0mMASIg <1.0A 


Output Noise Voitage (Ta = +25°C, 10 Hz $f <100 kHz} ; 
Long-Term Stability ; a ; . 


Ripple Rejection (1g = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 
(ig = 1.0 A, Ty = +25°C) 


Output Resistance (Iq = 500 mA) he : 


Short-Circuit Current Limit (Ty = +25°C) 


Average Temperature Coefficient of Output Voltage 
19 = 5.0 mA, 0°C <Ta <+125°C 
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MC7800C Series | 


MC7818C ELECTRICAL CHARACTERISTICS (vj, = 27 V, Iq = 500 mA, 0°C < Ty <+125°C, unless otherwise noted.) 


wa [ef ter | vee 


_ [| Output Voltage (Ty = +25°C) : ‘ ; 
‘ Input Regulation 
(Ty = +25°C, Ig = 100 mA) 
21 Vde SVjpn $33 Vde 25 180 
24 Vde <Vin $30 Vde 10 90 
(Ty = +25°C, Ig = 500 mA) et 
21 Vde S$ Vin $33 Vde 90 360 
24 Vde SVipn $30 Vde 50 180 
Load Regulation Regioad ; 
Ty =+259C, 5.0mA <I9 <1.0A 360 
_ 250mASIQ <750mA 7 180 
Output Voltage Vo 
(21 Vde € Vin < 33 Vdc, 5.0 MAS IQ $1.0A, P<15 W) 740 
Quiescent Current (Ty = +25°C) Pots | - | 4s {| so | ma 
Quiescent Current Change : ; mA 
21 Vde £Vin $33 Vde 
5.0mA <ig $1.04 
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) . Be ee ee eee 
Input-Output Voltage Differential ‘ Vin-Vo Vde 
(Io = 1.0 A, Ty = +25°C) ; 2.0 io. 
Output Resistance (Iq = 500 ma) | ee Ta ee ee ee ee 
Average Temperature Coefficient of Output Voltage TCVo mv/°C 
Io = 5.0 mA, 0°C <T ap $+125°C 
MC7824C ELECTRICAL CHARACTERISTICS (vj, = 33 V, !¢ = 500 mA, 0°C <.Ty <+125°C, unless otherwise noted.) 
[CR aracieristis—SSSSCS*dC Smo [Min Tye [Mex (| Unit 
‘| Input Regulation . mV 
(Ty = +25°C, Ig = 100 mA) 
27 Vde <Vin < 38 Vde 31". 240 
_ 30 Vde < Vin $36 Vde 14 120 
(Ty = +25°C, |g = 500 mA) . 
27 Vde $Vin $38 Vdc 118 480 
- 30 Vde €Vjn $36 Vde 70 240 
Load Regulation ; : Re9load oe mv 
Ty =+25°C, 5.0mA SIQ <1.0A 150 . 480 
| 250mA ¢lo <750 mA ‘ 85 240 
Output Voltage Vo Vde 
(27 Vde ¥ Vin < 38 Vde, 5.0mA <Ig $1.0A, P S15 W) 
Quiescent Current Change mA 
27 Vde €Vjin $38 Vde 
5.0mA sig < 1.0A , : 
[Long-Term Stability | Se ee ee ee 
Ripple Rejection (Io = 20 mA, f = 120 Hz) | ae ee ee eee 
Input-Output Voltage Differential Vin-Vo 2.0 Vdc 
(Ig = 1.0, Ty.= +25°C) 
_ | Short-Circuit Current Limit (Ty = +25°C) ee | isc | - | wo f | 
. | Average Temperature Coefficient of Output Voltage : TCVO : : 
lq = 5.0 mA, 0°C ST, $+125°C . 
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Vin-Vo, INPUT-OUTPUT VOLTAGE 


MC7800C Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — WORST CASE POWER DISSIPATION FIGURE 2 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 313) versus AMBIENT TEMPERATURE (Case 11) 


2, SG aa GD 
St ee | 


0—— 7 


Oy¢ = 59°C 


a oes aoe 
a a tee 
$0 a) a a 
oy a ee ae Ee 
= 30 = 30 aed RE 
S 70 2 20+—-—} > 
e = 
< 
a 1.0 = 1.0 
B 3 
= 0.5 a 05 
i 04 a a ee = 04 aaa 
gu —p— ie a ae 

F B 9. 
a 1s yc = 5.59 C/W 
(=) =) 
Cm £ 


021 oa = 65°C/W Oya = 45° CW 
01 TyMAX = 150°C 01 Ty MAX = 150° C 
195 60 715 100 125 750 05 50 126 750 
Ty, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 3 — INPUT OUTPUT DIFFERENTIAL ASA FIGURE 4 — PEAK OUTPUT CURRENT AS A FUNCTION OF 
FUNCTION OF JUNCTION TEMPERATURE INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


DIFFERENTIAL (VOLTS) 


Ig, OUTPUT CURRENT. (AMPERES) 


0 
0 3.0 60 9.0 12 «15 18 21 24 27 30 
Vin-Vo, INPUT-QUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 5 — RIPPLE REJECTION AS A FUNCTION FIGURE 6 — RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY OF OUTPUT VOLTAGES 


| T 


f= 120 Hz 
lo = 20mA 
AV in = 1.0 V(RMS) 


PART # 


MC7805 
MC7806 
MC7808 
MC7812 
MC7815 
‘MC7818 
~ MC7824 


40 60 80 10 12 14 16 18 20. 22 24. 
“Vg, OUTPUT VOLTAGE (VOLTS) 


RR, RIPPLE REJECTION (dB) 
RR, RIPPLE REJECTION (dB) 


. f, FREQUENCY (Hz) 
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MC7800C Series 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 


5.90 


Vo, OUTPUT VOLTAGE (VOLTS) 


4250-45075) #100 +125 
Ty, JUNCTION TEMPERATURE (°C) 


+150 


FIGURE 9 — OUTPUT IMPEDANCE ASA 


Zo, OUTPUT IMPEDANCE (mo) 


Vg, OUTPUT VOLTAGE (VOLTS) 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


T3imax) ~ 


Rojattye) > V! \s ~Volo 


Porta) = 


Where: PDIT,) = Power Dissipation allowable at a given oper- 


ating ambient temperature. 


+175 


THERMAL INFORMATION 
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ig, QUIESCENT CURRENT (mA) 


Royale) = 


_FIGURE 8 — QUIESCENT CUR 


P) 


ee 


Ty, JUNCTION TEMPERATURE (°C) 


DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 


Load Regulation — The change in output voltegs for a change in 
load current at constant chip temperature. ; 

Maximum Power Dissipation — The maximum total device dissi- 
pation for which the regulator will operate within specifications. 


Quiescent Current — That part of the input current that is not 
delivered to the load. 


Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- _ 
quency range. 


Long Term Stability — Output voltage stability under accelerated 
life test conditions with the maximum rated voitage listed in the 
devices’ electrical characteristics and maximum power dissipation. 


T (max) = Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 


T, = Maximum Desired Operating Ambient Temperature 
Typical Thermal Resistance Junction to Ambient 


Ig = Totai Supply Current 


MC7800C Series 


APPLICATIONS INFORMATION 


Design Considerations ; 

The MC7800C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, internal 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. ° 


In many tow current applications, comperisation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


’ FIGURE 10 — CURRENT REGULATOR 


MC7805C 


Constant 
Current to 
Grounded Load 


—_ 
lo 


The MC780Q0C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows: 

1 any +4 

1@) R Q 

IQ = 1.5 mA over line and load changes 

For example, a 1-ampere current. source would require R to be a 


5-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage jess 7 volts. 


FIGURE 12 —- CURRENT BOOST REGULATOR 


MJ2955 or Equiv 


@ 


ie ME 


One 


~ 


XX = 2 digits of type number indicating voltage. 


The MC7800C series can be current boosted with a PNP transis- 


tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the Vge of the PNP determines when the 


pass transistor begins conducting; this Circuit is not short-circuit 


proof.’ input-output differential voltage minimum is increased by 
Vee of the pass transistor. 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or larger. 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 


“ be mounted with the shortest possible leads directlyacross the 


regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistancedrops 
since the regulator has no external sense lead. 


FIGURE 11 — ADJUSTABLE OUTPUT REGULATOR 


Output 


Vo, 7.0 V to 20 V 
Vin — Vo 22.0 V 


_ The addition of an operational amplifier allows adjustment to 
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higher. or intermediate values while retaining regulation character- 
istics. The minimum voltage obtainable with this arrangement is 
2.0 volts greater than the regulator voltage. 


FIGURE 13 Se SHORT-CIRCUIT PROTECTION 


MJ2955 © 
or Equiv 


2N6049 
or Equiv 


Output 


XX = 2 digits of type number indicating voltage. 


The circuit of Figure 12 can be modified to provide supply protec- 
tion against short circuits by adding a short-circuit sense resistor, 
Rgc,and an additional PNP. transistor. The current sensing PNP 
must be. able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a four-ampere plastic power tran- 
sistor is specified. : 


MC7SL00C,AC 
Series 


THREE-TERMINAL POSITIVE 


VOLTAGE REGULATORS THREE-TERMINAL 


POSITIVE FIXED 

- The MC78L00 Series of positive voitage regulators are inexpensive, VOLTAGE REGULATORS 
easy-to-use devices suitable for a multitude of applications that re- ; ; 
quire a regulated supply of up to 100 mA. Like their higher powered 
MC7800 and MC78MOO0 Series cousins, these regulators feature 
internal current limiting and thermal shutdown making them re- 
markably rugged. No external components are required with the 
MC78L00 devices in many applications. ; 

These devices. offer a substantial performance advantage over the 
traditional zener diode-resistor combination. Output impedance is . 
greatly reduced and quiescent current is substantially reduced. 


@ Wide Range of Available, Fixed Output Voltages 
@ Low Cost , 


P SUFFIX © 
CASE 29° 
TO-92 


Pin 1, Input 
2. Ground 
3. Output 


@ Internal Short-Circuit Current Limiting 

@* Internal Thermal Overload Protection 

@ No External Components Required 

@ Complementary Negative Regulators Offered 
(MC79LO0 Series) 

@ Available in Either 5% (AC) or +10% (C) Selections 


Bottom 
View 
3 G SUFFIX 
CASE 79 
TO-39 
REPRESENTATIVE CIRCUIT SCHEMATIC 
Pin 1, Input 
2. Output 
3. Ground 


STANDARD APPLICATION 


1 
MC78LXXC 


A. common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voitage. . 


*= Cj) is required if regulator is located an 
appreciable distance from power supply 
filter. ; 


** =Co is .not needed for stability; however, 
it does improve transient response. 


-_ MC78L02AC 
MC78LOSC | MC78LO5AC 
MC78LO8C } MC78L08AC 
MC78L12C | MC78L12AC 
MC78L15C | MC78L15AC 
MC78L18C | MC78L18AC 
MC78L24C | MC78L24AC 


ORDERING INFORMATION 
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~MC78LOOC, AC Series 


, 


MC78L00 Series MAXIMUM RATINGS (T, = +125°C unless otherwise noted.) ) 


[Rating «| ‘Symbol Value 


Input Voltage (2.6 V — 8.0 V) 30 Vde 
(12V-—18V) , 35 
(24 V) 40 
MC78LQ2AC ELECTRICAL CHARACTERISTICS (Vv, =9.0 V, Iq = 40 mA, Cj = 0.33 uF, Co = 0.1 uF, 
: 0°C < Ty < +125°C unless otherwise noted.) 


; MC7802AC 
| Characteristic Symbol [typ [wax 


Output Voltage (Ty = +25°C) 
Input Regulation 
(Ty = +25°C) 
4.75 Vde < Vy < 20 Vde 
(5.0 Vde < Vy < 20 Vde 
Load Regulation 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) 
(Ty = +25°C, 1.0 mA < Ig < 40 mA) 
‘Output Voltage 
(4.75 Vde < Vi < 
(4.75 Vde-< Vj < 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
(5.0 Vde < Vin < 20 Vdc) 
(1.0 mA < Iq < 40 mA) 


0 Vdc, 1.0 mA < Ig < 40 mA) 


2 
20 Vdc, 1.0 mA < Ig < 70 mA) 


.Ripple Rejection 
(f = 120 Hz; 6.0 V.<'Vjin < 16 V, Ty 


= 25°C) 


.MC78L05C, MC78LO5AC ELECTRICAL CHARACTERISTICS (V1 = 10 V, Iq = 40 mA, Cj = 0.33 uF, Co = 0.1 HF, 


0°C < Ty < +125°C unless otherwise noted.) 


Output Voltage (Ty = +25°C) Vo 


Input Regulation : 
(Ty = +25°C, 19 = 40 mA) 
7.0 Vde < Vj < 20 Vde 
8.0 Vde <Vy < 20 Vdc 
Load Regulation — 
(Ty = +25°C, 1.0mA <1Q < 100 mA) 
(Ty = +25°C, 1.0mA < 19 < 40 mA) 
Output Voltage 
(7.0 Vde < Vj < 20 Vdc, 1.0mA < Iq < 40 mA) 
(V,=10V,1.0mA < IQ < 70mA) 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
(8.0 Vde < Vj < 20 Vdc) 
(1.0mA < Io < 40.mA) 
Output Noise Voltage (Ta = +25°C,10Hz<f< 
100 kHz) c 


Ripple Rejection (lq = 40 mA, f = 120 Hz,. 
8.0 V < Vj < 18V, Ty = +25°C) 


MC78LO0C, AC Series 


MC78LO8C, MC78L08AC ELECTRICAL CHARACTERISTICS (Vj = 14, tg = 40 mA, Cy = 0.33 uF,Co = 0.1 uF, 
SS < T, < +125°C unless otherwise noted.) 


Characteristic _ Cae iT 


Output Voltage (Tj = +25°C) 


Input Regulation 
(Ty = +25°C, lg = 40 mA) 
10.5 Vde < Vj < 23 Vde 
11 Vde < Vj < 23 Vde 
Load Regulation Regioad 
(Ty = +25°C, 1.0 mA ‘< lg < 100 mA) 
(Ty = +25°C, 1.0 mA < Ig < 40 mA) 
Ripple Rejection (lo = 40 mA, f = 120 Hz, : 
12V < Vy < 23 V, Ty = +25°C) 
Input-Output Voltage Differential Vi/Vo 
(Ty = +25°C) 
MC78L12C, MIC78L12AC ELECTRICAL CHARACTERISTICS (Vj, =19 V, lo = 40 mA, C; = 0.33 HF, "9 =O.1uF, 0°C < Ty < 


Output Voltage 
(10.5 Vde < Vj < 23 Vde, 1.0mA < io <40mA) 

_ +125°C unless otherwise noted. y 

Characteristic } Symbol 


(V) = 14 V, 1.0mA <1Q < 70 mA) 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias. Current Change 
(11 Vde < Vy < 23 Vdc) 
| Output Voltage (Ty=#25°C) | 
Input Pisgulerion 3 Regine 
(Ty = +25°C, ig = 40 mA) 
14.5 Vde < Vj < 27 Vde 
16 Vde < Vj < 27 Vde 
Load Regulation : 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) 
(Ty = +25°C, 1.0mA <19 < 40 mA) 
Output Voltage 


(14.5 Vde <Vi < 27 Vdc, 1.9mMA< lo <40mA) 
. (Vy = 19. V,1.0 mA <Ig <70mA) 


Input Bias Current ; 
(Ty = +25°C) : 2 
(Ty=+125°C) ; 


~~ ow 
to N 
Ou = Nh 
ow Nn oO 
= : = 
So. 
—_ _ 
~ Nw 
oa 
3 
< 


(1.0 mA: < 1g < 40 mA) 
Output Noise Voltage (Ta = +25°C, 10 Hz <f< 
100 kHz) 


input Bias Current Change 
(16 Vde < V < 27 Vdc) 
_ (1.0 mA < Ig < 40 mA) 

Output Noise Voltage (Tas +25°C, 10 Hz <f< 
100 kHz) 


et Rejection (lo = 40 mA, f = 120 Hz, 15 vV< 
<25V,Ty=+25°C) 


Long-Term Stability ——. mV/1.0 k Hrs. 
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MC78LO0C, AC Series 


MC78115C, MC78L15AC ELECTRICAL CHARACTERISTICS (Vv, = 23 V, Io = 40 mA, Cj = 0.33 nF, Co = 0.1 uF, 
0°C < Ty < +125°C untess otherwise noted.) 


MC78L15C _. ss 
aa Typ | Max _| 


- 130 300 130 300 
110 250. 


Characteristic 


Output Voltage The +25°C) 


Input Regulation 
(Ty = +25°C, Iq = 40 mA) 
17.5 Vde < Vy < 30 Vde 

20 Vdc < V} < 30 Vde 


Load Regulation 
(Ty = +25°C, 1.0mA < Jig 100 mA) 
(Ty = +25°C, 1.0 mA < 1q < 40 mA) 
Output Voltage 
(17.5 Vde < Vj < 30 Vde, 10mMA<IQ <40mA) 
(V) = 23 V, 1.0 mA <Ig < 70 mA) 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias aii Change 
(20 Vde < V; < 30 Vde) 
(1.0mA ee 40 mA). 


Output Noise Vottage (TA =+25°C, 10Hz <f < VN 
100 kHz) 


Long-Term Stability 


Ripple Rejection (Io = 40 mA, f = 120 Hz, 18.5 V< 
Vy, < 28.5 V, Ty = +25°C) 


io 


150 


15.75 
16.75 


Vo: 
13.5 
13.5 


mvV/1.0 k Hrs. 


wW 
oO 


w& 
w 


w 
wo 


Vde 


~ 


o> ~ 
=u oa 


MC78L18C, MC78L18AC BEECERICAL CHARACTERISTICS (Vv, = 27V., ig = 40 mA, Cy = 0.33 HF, Co = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


: MC781.18C MC78L18AC 
Symbol 


Ty 


Characteristic 


Output Voltage (Ty = +25°C) 


Input Regulation Regjine 
(Ty = +25°C, tq = 40 mA) 
21.4 Vde < ay < 33 Vde 
20.7 Vde < Vj < 33 Vde 
22 Vdc < ae Z 33 Vde 
21 Vde < V) < 33 Vde 
Load Regulation 
(Ty = +25°C, 1.0 mA 
(Ty =+25°C, 1.0mA 
Output chart 
(21.4 Vde < Vj < 33 Vde, 1.0mA < Ig < 40 mA) 
(20.7 Vde < 7 < 33 Vdc, 1.0 mA < 1g < 40mA) 
(Vj, = 27 V, 1.0 mA < Ig < 70 mA) 
(V, = 27 V, 1.0mA < Ig < 70 mA) 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
{nput Bias Current Change 
(22 Vde < Vj < 33 Vdc) 
(21 Vde < Vy = 33 Vde) 
(1.0 mA < Ig < 40 mA) 
‘/Output Noise Voltage (Ta = +25°C, 10Hz<f< 
100 kHz) 


Long-Term Stability 


Ripple Rejection {Ig = 40 mA, f = 120 Hz, 
23 V< Vi <33V, Ty= +25°C) 


Input-Output oY oltage Differential 
we +25°C) 


< 100 mA) 
< 


< 
< 40 mA) 


fe) 
lo 


~ 
a 


Ww 
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MC78L00C, AC Series 


MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (Vv, = 33 V, Io = 40 mA, C; = 0:33 FC = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | | Min _| p 
Output Voltage (Ty = +25°C) Vo 22.1 


Input Regulation 
(Ty = +25°C, Iq = 40.mA) 
27.5 Vde < Vj < 38 Vde 
28 Vde < V} < 38 -Vde 

27 Vde < Vy < 38 Vde 


Vde 
mV 


N 
s 
e~4 
nN 
a 


Load Regulation ; Regioad py 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) 40 pate 
(Ty = +25°C, 1.0 mA < lg < 40 mA) 20 100 ’ 
Output Voltage Vde 


(28 Vde < Vj < 38 Vde, 1.0mA <I6 
(27 Vde < Vj < 38 Vde, 1.0mMA < Io 
(28 Vde < Vj <33 V,1.0MA <IQ9 < 
(27.Vde < VV; S33 V,1.0MA <Ig< 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
(28 Vde < V} < 38 Vdc) 


Vo 
; 216 
21.6 
(1.0 mA < lo <40mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < VN 
f < 100 kHz) : 


Long-Term Stability : AVoO/4t 
Ripple Rejection (lo = 40 mA, f = 120 Hz, 29V < 
Vy < 35 V, Ty = +25°C) 


Input-Output Voltage Differential : Vi/Vo' 
(Ty = +25°C) 


THERMAL INFORMATION 


< 40 mA} 
< 40 mA) 
70 mA) 
70 mA) 


Ne v | 
oo 


mA 


3.1 


mV/1.0.k Hrs, 


N oN 

o 

bh oA 
nN ON 
N N 
2m 0 


w 
a 
o=— 
No 


200 


7 7 


nN i] = 
SS [a a a8 
on bb ON os 


ie 


ees 
an anal od) eee 
eae 


The maximum power consumption an integrated circuit TJ(max) = Maximum Operating Junction Temperature 
can tolerate at a given operating ambient temperature, can as listed in the Maximum Ratings Section 
be found from the equation: Ta = Maximum Desired Operating Ambient. 


-  Ty(max) -TA Temperature . 
PD(Ta) = “Roja(typ) _ #ViIs-Volo Ra jal(Typ) = Typical Thermal Resistance Junction to 
Ambient 
Where: PD(Ta) = Power Dissipation allowable at a given ~ Is = Total Supply Current 


operating ambient temperature. 
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MC78LOOC, AC Series 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — DROPOUT CHARACTERISTICS 


~~ 


Vg, QUTPUT VOLTAGE (VOLTS) 


0 2.0 4.0 6.0 8.0 10 
V1, INPUT VOLTAGE (VOLTS) 


FIGURE 3 — INPUT BIAS CURRENT versus : 
AMBIENT TEMPERATURE 


MC78LO5C +. 
Vi =10V 
Vo =5.0V 
to =40 mA 


1p, INPUT BIAS CURRENT (mA) 


t 


0 26 50 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — MAXIMUM AVERAGE POWER DISSIPATION 
versus AMBIENT TEMPERATURE — TO-92 Type Package 


FIGURE 2— DROPOUT VOLTAGE versus 
' JUNCTION TEMPERATURE 


Dropout of Regulation is 
defined as when 
-Vg = 2% 0f Vo 


Oo 25 50 75 100 125 
Ty, JUNCTION TEMPERATURE (°C) 


Vi-Vo, INPUT/OUTPUT DIFFERENTIAL VOLTAGE(VOLTS) 


FIGURE 4 — INPUT BIAS CURRENT versus 
INPUT VOLTAGE 


5.0 


MC78L05C 
Vg =5.0V 
Io =40 mA 
Ty = 25°C 


Ii, INPUT. BIAS CURRENT (mA) 


0 5.0 10 16 20 25 30 35 40 
’ V,, INPUT VOLTAGE (VOLTS) 


FIGURE 6 — MAXIMUM AVERAGE POWER DISSIPATION versus 


AMBIENT TEMPERATURE — TO-39 Type Package 
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MC78LO0C, AC Series 


_ APPLICATIONS INFORMATION 


Design Considerations . 


The MC78LO0C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum, current the cir- 
cuit will pass. ' 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 
to the power supply filter with long wire’lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 


FIGURE 7 — CURRENT REGULATOR 


MC78L05C 


Constant 
Current to 
Grounded Load 


The MC78LOOC regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC78LOS5SC is chosen in this application. Resistor R determines 
the current as follows: 


5V 
lo=-— + lis 


lig = 3.8 mA over line and load changes 


For example, a 100 mA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


FIGURE 9 — POSITIVE AND NEGATIVE REGULATOR 


MC78LXX 


MC79LXX 


' 


selected to provide good high-frequency characteristics to insure 
stable operation under ali load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 


be mounted with the Shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output is also recommended. 


FIGURE 8 — +15 V TRACKING VOLTAGE REGULATOR 


MC78L15 


MPS-U55 


MC78MO0C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 


The MC78MO0 Series positive voltage regulators are identical to 


‘the popular MC7800C Series devices, except that they are specified 


for only half the output current. Like the MC7800C devices, the 
MC78M00C three-terminal regulators are intended for local, on-card 
voltage regulation. 


Internal current limiting, thermal shutdown circuitey and safe- 


area compensation for the internal pass transistor combine to make 


these devices remarkably rugged under most operating conditions. ; 
Maximum output current, with adequate heatsinking is 500 mA... 


No External Components Required 
Internal Thermal Overload Protection 
Internal Short-Circuit Current Limiting 
Output Transistor Safe-Area Compensation 


Packaged in the Plastic Case 313 and Case 79 
’ (TO-220 and Hermetic TO-39) 


REPRESENTATIVE 
SCHEMATIC DIAGRAM 


he 
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‘| DEVICE 


MC78M00C 
series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


Pin 1, Input 
2. Output 


3. Ground 


\ Pin 1. Input QX 
2. Ground \ 
Bottom 3. Output \ 
View 
G SUFFIX T SUFFIX 
METAL PACKAGE PLASTIC PACKAGE 
CASE 79 CASE 313 
TO-39 (TO-220 Type) 


(Case connected 
to Pin 3) 


STANDARD APPLICATION 


MC78MXXC 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
put voltage even during the tow point on the 
input ripple voltage. 


* = Cin is required if regulator is located an 
appreciable -distance from power supply 
filter. 


** =Co improves stability and transient re- 
sponse. 


ORDERING INFORMATION 


XX indicates nominal voltage 


' TYPE NO./VOLTAGE 


MC78MO05C 5.0 Volts. 
MC78M06C 6.0 Volts 
MC78MOBC 8.0 Volts 


MC78M12C — 12 Volts 
MC78M15C 15 Volts 
MC78M18C 18 Volts 
MC78M20C 20 Volts 
MC78M24C 24 Voits 


‘MC78MO0C Series 


MC78MOOC Series MAXIMUM RATINGS (Tap = +25°C unless otherwise noted.) . 


Input Voltage (5.0 V - 18 V) ; . 
(20 V -24V) 
Power Dissipation (Package Limitation) 
Plastic Package 
Ta = 25°C 
Derate above Tp = 259°C 
Tc = 25°C F 
Derate above Tc = 110°C 
Metal Package 
Tp = 25°C 
Derate above Ta = 25°C 
Tc = 25°C 
Derate above Tc = 85°C 
Operating Junction Temperature Range 
Operating Ambient Temperature Range 
Storage Temperature Range 
Plastic Package 
Metal Package 


“Symbol 
Output Voltage (Ty = +25°C) 


Output Voltage ; 
(7.0 Vde < Vy < 25 Vdc, 5.OmA < ig < 200 mA) 


Input Bias Current (Ty = +25°C) 


Vo 


AVoO/At 
Input-Output Voltage Differential 


Vvi-Vo 
(Ta = +25°C) © 7 


Short-Circuit Current Limit (Ty = +25°C, V = 35 V) | tos | 


Quiescent Current Change 
(8.0 Vde < Vy < 25 Vdc) 
(5.0 mA < Ig < 200 mA) 


Output Noise Voltage (Taq = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability 


Ripple Rejection (lq = 100 mA, f= 120Hz,8.0V < V,<18V) 
(IQ = 300 mA, f = 120 Hz, 8.0 < Vj < 18 V, Ty = 25°C) 


Average Temperature Coefficient of Output Voltage AVO/AT 
(ig=5.0mA) 


Peak Output Current 
(Ty = 25°C) 
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Line Regulation Regine 
(Ty = +25°C) 
(7.0 Vde < Vy < 25 Vde) 
(8.0 Vde < Vy < 25 Vdc) 1.0 
Load Regulation | Regioad : 
(Ty = +25°C, 5.0 mA < Ig < 500 mA) 20 
(Ty = +25°C, 5.0 mA < Iq < 200 mA) 10 | 


4.75 


Internally Limited 
70 
Internally Limited 
5.0 


Internally Limited 
185 
Internally Limited 
25 


0 to +150 


= 
Ta 
-65 to +150, 
~65 to +150 


Et 


ba 
° 


‘MC78MOOC Series — _ 


MC78MO06C ELECTRICAL CHARACTERISTICS (Vv, = 11 V, 19 = 200 mA, 0°C < Ty < +125°C, PED < 5.0 W unless otherwise noted.) 


| Characteristic Symbot fin | tye 
Output Voltage (Ty= +25°C) 5.75 


Line Regulation 
(Ty = +25°C) 
(8.0 Vde < Vy < 25 Vdc). 
(9.0 Vde < V) < 25 Vdc) 


Load Regulation 
(Ty = +25°C, 5.0 mA < Ig < 500 mA) 
(Ty = +25°C, 5.0mMA < Ig < 200 mA) 


Output Voltage 
(8.0 Vde < Vy < 25 Vde, 5.0mA < Ig < 200 mA) 


Input Bias Current (Ty = +25°C) 


Quiescent Current Change 
(9.0 Vde < Vj < 25 Vdc) 
(5.0 mA < 1g < 200 mA) 


Ripple Rejection (1g = 100 mA, f = 120 Hz, 9.0 V < V; < 19 V) 
(Iq = 300 mA, f = 120 Hz, 9.0 V < V; < 19 V, Ty = 25°C) 


Short-Circuit Current Limit (Ty = +25°C, V, = 35 V) 


Average Temperature Coefficient of Output Voltage : _ AVO/AT mv/°C 
(Ig = 5.0mA) ; : ; ; 
Peak Output Current (Ty = 25°C) 700 mA 
(Ty = 25°C) q 


Line Regulation 
(Ty = +25°C) 
(10.5 Vde < Vy < 25 Vdc) 
(11 Vde < Vy < 25 Vdc) 
Load Regulation ; 
‘(Ty = +25°C, 5.0mA < IQ < 500 mA) 
(Ty = +25°C, 5.0mA < IQ < 200 mA) 


Output Voltage ; A Vde 
(10.5 Vde < Vy) < 25 Vdc, 5.0 mA < Ig < 200 mA) : 
Quiescent Current Change 
wv 


(10.5 Vde < Vy < 25 Vde) 
(5.0 mA < Ig < 200 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) } ov | 
Long-Term Stability mV/1.0 k Hrs 


Ripple Rejection (lq = 100 mA, f = 120 Hz, 11.5V <Vj < 21.5 V) 
(Iq = 300 mA, f = 120 Hz, 11.5 V < V) < 21.5 V, Ty = 25°C) 


Input-Output Voltage Differential 
(Ta = +25°C) 


Short-Circuit Current Limit (Ty = +25°C, Vy = 35 V) 


Average Temperature Coefficient of Output Voltage 

(Ig = 5.0 mA) . 
Peak Output Current 

(Ty = 25°C) 
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MC78MO0C Series 


MC78M12C ELECTRICAL CHARACTERISTICS (v, = 19 V, ig = 200 mA, 0°C < Ty <+125°C, Pp < 5.0 Wunless otherwise noted.) 


"| Output Voltage (Ty = +25°C) 


Line Regulation Redline 
(Ty = +25°C) 
(14.5 Vde < Vy < 30 Vde) 
_ (16 Vde < Vy < 22 Vdc) 
Load Regulation Regioad 
(Ty = +25°C, 5.0 mA < IQ < 500 mA) 
(Ty = +25°C, 5.0mA < Ig < 200 mA) 


Output Voltage 
(14.5 Vde < Vy < 27 Vdc, 5.0 mA < Ig < 200 mA) 


Input Bias Current (Ty = +25°C) 


Quiescent Current Change . 
(14.5 Vde < Vy < 30 Vdc) , 
(5.0 mA < 1g < 200 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability AVoO/At 


‘| Ripple Rejection (19 = 100 mA, f = 120 Hz, 1S8V<Vj <25V) 
(Ig = 300 mA, f = 120 Hz, 15 V < Vy < 25V, Ty = 25°C) 


tnput-Output Voltage Differential Vi-Vo 
. (Tp = +25°C) 


Short-Circuit Current Limit (Ty = +25°C, Vj = 35 V) ; | tos 
Average Temperature Coefficient of Output Voltage bi AVo/AT 
(I¢ = 5.0 mA, 0°C < Ty < +125°C) 
Peak Output Current 
(Ty = 25°C) 


MC78M15C ELECTRICAL CHARACTERISTICS (v, = 23 V, 19 = 200 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise noted.) 


Output Voltage (Ty = +25°C) Vde’ 


Input Regulation 
(Ty = +25°C) 
(17.5 Vde < Vy <.30Vde) 

(20 Vde < Vy < 30 Vde) 


Vo 


Load Regulation ; 
(Ty = +25°C, 5.0mA < Ig < 500 mA) 
(Ty = +25°C, 5.0mA < Ig < 200 mA) 


Output Voltage Vo 15.75 Vdc 
17.5 Vde< Vy < 30 Vdc, 5.0mA < Ig < 200 mA) ; 


Input Bias Current (Ty = +25°C) 


Quiescent Current Change 
(18.5 Vde < Vy < 30 Vdc). 
(5.0 mA < Ig < 200 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz} 
Long-Term Stability AVo/At mV/1.0 k Hrs 


Ripple Rejection (tq = 100 mA, f = 120 Hz, 18.5 V < V} < 28.5 V) 
{Iq = 300 mA, f = 120 Hz, 18.5 V < Vy < 28.5V, Tj = 25°C) 


Input-Output Voltage Differential ~ : 
(Ta = +25°C) — 


ShortCircuit Current Limit (Ty = +25°C, Vj = 35 V) Ee dos. = 240 
Average Temperature Coefficient of Output Voltage AVO/AT mv/°C 
(Ig = 5.0mA, 0°C < Ta < +125°C) , 
Peak Output Current : 
(Ty = 25°C) 
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MC78MOOC Series 


‘ 


Line Regulation 

{Ty = +25°C) 
(21 Vde < Vy <33 Vdc) 
(24 Vde < Vj < 33 Vde) 


Load Regulation . ; 
(Ty = +25°C, 5.0 mA < Ig < 500 mA) 
(Ty = +25°C, 5.0 mA < Ig < 200 mA) 


Output Voltage : ; 
(21 Vde < Vy < 33 Vde, 5.0MA < Ig < 200 mA) 


Input Bias Current (Ty = +25°C) 


Quiescent Current Change 
(21 Vde < Vy < 33 Vde) 
(5.0 mA < 19 < 200 mA) 


Ripple Rejection (1g = 100 mA, f = 120 Hz, 22 V < Vy < 32V) 
(to = 300 mA, f = 120 Hz, 22V < Vy < 32V, Ty = 25°C) 


Input-Output Voltage Differential 
(Tp = +25°C) 


Peak Output Current 
(Ty = 25°C) 


Characteristic 


Output Voltage (Ty = +25°C) pee | 


Line Regulation 
(Ty = +25°C) 
. (23 Vde < Vy < 35 Vde) 
{24 Vde < yy < 35 Vdc) 


Load Regulation 
(Ty = +25°C, 5.0 mA <1Q < 500 mA). 
(Tj = +25°C, 5.0 mA < Iq < 200 mA) 
Output Voltage . 
(23 Vde < Vy < 35 Vdc, 5.0mA < Ig < 200 mA) 


Quiescent Current Change 
(23 Vde < Vy < 35 Vde) 
(5.0 mA < Io <.200 mA) 


Long-Term Stability 


Ripple Rejection (1g = 100 mA, f = 120 Hz, 24 V < Vj < 34V) 
(tq = 300 mA, f = 120 Hz, 24 V < Vj < 34V, Ty = 25°C) 


Input-Output Voltage Differential 
(Ta = +25°C) 


Short-Circuit Current Limit (Ty = +25°C, Vj = 35V) 


Average Temperature Coefficient of Output Voltage 
(19 = 5.0 mA, O°€ < Ta < +125°C) , 


Peak Output Current : 
 (Ty= 25°C) 


t 


mV/1.0 kHrs 


mV/1.0 k Hrs 


MC78MOOC Series 


MC78M24C ELECTRICAL CHARACTERISTICS (vj = 33 V, !9 = 200 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise noted.) , 


Vde 


Line Regulation 
(Ty = +25°C) 
(27 Vde < Vy < 38 Vdc) 
(28. Vde < Vy. < 38 Vdc) 


Load Regulation 
(Ty = +25°C, 5.0 mA < Iq < 500 mA) 
(Ty = +25°C, 5.0 mA < 1g < 200 mA) 


Output Voltage : Vo 
(27 Vde < Vj < 38 Vdc, 5.0 mA < Ig < 200 mA) 


Input Bias Current (Ty = +25°C) 


Quiescent Current Change 
(27 Vde < V, < 38 Vdc) 
“(5.0 MA < 19 < 200 mA) 


Regiine 


rz 
< < 


Vde 


~“ 
o 
3 


u> 
& © 
=) 

3 


fa fes [af 
wm 0 
3 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 170 m 
Long-Term Stability -_ : f= mV/1.0 kHrs 
Ripple Rejection (1g = 100 mA, f = 120 Hz, 28 V < Vj < 38V) 70 
(Ig = 300 mA, f = 120 Hz, 28 V < Vj < 38 V, Ty = 25°C) 70 
Input-Output Voltage Differential Vi-Vo 2.0 ‘Vde 
(Ta = +25°C) to 


Short-Circuit Current Limit (Tj = +25°C) | los | 


Average Temperature Coefficient of Output Voitage AVO/AT -1.2 mvV/°C 
(19 = 5.0 mA, 0°C < Ta < +125°C) : . 


Peak Output Current 
"(Ty = 25°C) 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can T j(max) = Maximum Operating Junction Temperature as listed in 
tolerate at a given operating ambient temperature, can be found the Maximum Ratings Section . 
from the equation: 


T = 7 ; Ty, = Maximum Desired Operating Ambient Temperature 
p __dlmax) A Dv, IeeWVa6 A 


: ’ R6ya(typ) = Typical Thermal Resistance Junction to Ambient 
Where: PoT,) = Power Dissipation allowable at a given oper- 
ating ambient temperature. 


Ig = Total Supply Current 


DEFINITIONS 
Line Regulation — The change in output voltage for a change in Input Bias Current — That part of the input current that is not 
the input voltage. The measurement is made under conditions of . - delivered to the load. : 
low dissipation or by using pulse techniques such that the average : 
chip temperature is not significantly affected. . Output Noise Voltage — The rms ac voltage at the output, with 
: constant load and no input ripple, measured over a specified fre- 
Load Regulation — The change in output voltage for a change in quency range. - : ; 


load current at constant chip temperature. ; : 
Long Term Stability — Output voltage stability under accelerated 
Maximum Power Dissipation — The maximum total device dissi- life test conditions with the maximum rated voltage listed in the 
pation for which the regulator will operate within specifications. devices’ electrical characteristics and maximum power dissipation. 
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MC78MOOC Series 


Pp, POWER DISSIPATION (WATTS) 


lo, GUTPUT CURRENT (AMPERES) 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — WORST CASE POWER DISSIPATION 


versus AMBIENT TEMPERATURE 
TO-220 (CASE 313) 


FIGURE 2 — WORST CASE POWER DISSIPATION | 
versus AMBIENT TEMPERATURE — 


TO-39 (CASE 79) 


Pp, POWER DISSIPATION (WATTS) 


ye = S°CW 
PO(MAX) = 7.5 W 
25 50 


Ty, AMBIENT TEMPERATURE (°C) 


: : ‘ 
FIGURE 3 — PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


COTTA 
COA 
SSSnnV 00/40 
OAT 


3.0 . ; 
VrVo, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


6.0 9.0 12 16 18 21 24 2 


~ 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 


qt 
1 | 
Ll eee 

1 | 


RR, RIPPLE REJECTION (aB) 


1.0k 
f, FREQUENCY (Hz) 


100 
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MC78MOOC Series 


APPLICATIONS INFORMATION | 


Design Considerations 

The MC78MOOC Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Interna! 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. : 


In many low current applications,.compensation capacitors are 
not required. However, it is recommended that the. regulator 
input be bypassed with a capacitor if the regulator is connected 


FIGURE 5 — CURRENT REGULATOR 


MC78MO5C 


Constant 
Current to 
ie Grounded Load 


The MC7800C regutators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows: : 


to = a, + | 
re) R Q 
lq.= 1.5 mA over line and load changes 
For example, a 500 mA current source would require R to be a 


10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 voits. 


FIGURE 7 — CURRENT BOOST REGULATOR 


MJ2955 or Equiv 


Input 


Output 


eats = oie: “MF 


XX = 2 digits of type number indicating voltage. 


The MC78MOOC series can be current boosted with a PNP transis- 
tor, The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the VgE of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased by - 
Vee of the pass transistor. j 


- to the power supply filter with long wire lengths, or if the output 


load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under al! load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen, The bypass capacitor should 
be mounted with the shortest possible leads directly across the reg- 
ulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. 


FIGURE 6 — ADJUSTABLE OUTPUT REGULATOR 


fee a Output 
MC78MO5C FO 
© 
or 
© 
6 
O 
© 
[oreo | 


Vo, 7.0 V to 20 V 
Vin - Vo 22.0V 


The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation character- 
istics. The minimum voltage obtainable with this arrangement is 
2.0 volts greater than the regulator voltage. 


FIGURE 8 — SHORT-CIRCUIT PROTECTION 


MJ2955 


2N6049 
or Equiv 


Output 


XX = 2 digits of type number indicating voltage. 


The circuit of Figure 7 can be modified to provide supply protec- - 
tion against short circuits by adding a short-circuit sense resistor, 

Rgce,and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a two-ampere plastic power tran- 

sistor is specified. , 
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MC7900C SERIES THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 


The MC7900C Series of fixed output negative voltage regulators 
are intended as complements to the popular MC7800C Series devices. 
These negative regulators are available in the same seven-voltage 
options as the MC7800C devices. In addition, two extra voltage 
options commonly employed in MECL systems are also available 
in the negative MC7900C Series. 

Available in fixed output voltage options from -2.0 to -24 volts, 
these regulators employ current limiting, thermal shutdown, and 
safe-area compensation — making them remarkably rugged under 
most operating conditions. With adequate heat-sinking they can 
deliver output currents in excess of 1.0 ampere. 


@ No External Components Required 

@ Internal Thermal Overload Protection 

® Internal Short-Circuit Current Limiting 

@ Output Transistor Safe-Area Compensation 
e 


Packaged in the Plastic Case 313 and Case 11 
(TO-220 and Hermetic TO-3) 


SCHEMATIC DIAGRAM 


elle 


’ DEVICE TYPE/NOMINAL OUTPUT VOLTAGE 
MC7902C - 2.0 Voits MC7906C - 6.0 Volts MC7915C - 15 Volts 
MC7905SC ~ 5.0 Volts MC7908C - 8.0 Voits MC7918C - 18 Volts 


MC7905.2C — 5.2 Volts MC7912C - 12 Voits MC7924C - 24 Volts 
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mc7900C 
| Series . 


THREE-TERMINAL 
NEGATIVE FIXED. 
VOLTAGE REGULATORS 


K SUFFIX 
METAL PACKAGE 


CASE 11-01 
(TO-3 TYPE) 


T SUFFIX 
PLASTIC PACKAGE 
CASE 313 


Pin 1. Ground 
2. Input 
3. Output 


MC79XXC 


A common ground is required between the 
input and -the output voltages. The-input volt- 
age must remain typically 2.0 V more negative 
even during the high point on the input ripple 
voltage. 


XX = these two digits of the type number indi- 
cate voltage. 


* =Cjn is required if regulator is located an 
appreciable distance from power supply 
filter. 


** =Co improves stability and transient re- 
sponse. * 


ORDERING INFORMATION 
DEVICE TEMPERATURE. RANGE | PACKAGE | 


_[ mc79xxck | Ty = 09.c to +150°C 


MD79xxcT | T,=0°C to +150°C 
XX indicates nominat voitage 


MC7900C Series 


MC7900C Series MAXIMUM RATINGS (T, = +25°C uniess otherwise noted.) - 


Input Voltage (2.0 V — 18 V} 
(24 V) 


Power Dissipation 

Plastic Package : 
Ta = +25°C Internally Limited 
Derate above Tp = +25°C ; 15.4 
Tc = +25°C -. | Internally Limited 
Derate above Tc = +95°C (See Figure 1) : 200 

Metal Package ; 
Ta = +25°C , ee Internally Limited 
Derate above Ta = +25°C : “lal; 22.20 | 
Tc = +25°C internally Limited 
Derate above Tc = +65°C 


Storage Temperature Range 


Junction Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient — Plastic Package . 
— Metal Package 


Thermal ‘Resistance, Junction to Case — Plastic Package 
— Metal Package 


| Output Voltage (Ty = +25°C) 


Line Regulation : 
(Ty = +25°C, Ig = 100 mA) 
-7.0 Vde > Vy > -25 Vde 
-8.0 Vde > vy, 2-12 Vde 
(Ty = +25°C, Iq = 500 mA) 
_ -7.0 Vde > Vj 2-25 Vde 
~8.0 Vde > Vy, 2-12 Vde 


Load Regulation : 
Ty = +25°C, 5.0mA <IQ<1.5A 
250 mA <!Ig <750 mA 


Output Voltage 
-7.0 Vde > V, 2-20 Vdc, 5.0 mA <Ilg <1.0A,P S15 W 


Input Bias Current (Ty = +25°C) . 


input Bias Current. Change 
-7.0Vde 2Vy 2-25 Vde : 
5OMA<IQ<15A° 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 
Long-Term Stability _ ; 


‘| Ripple Rejection (Io = 20 mA, f = 120 Hz) 


‘Input-Output Voltage Differential 
-Ig = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 
Ig = 5.0 mA, 0°C <Tp <4+125°C 


MC7900C Series 


MC7905C ELECTRICAL CHARACTERISTICS (V, = -10V, Io = 500 mA, 0°C <Ty <+125°C, unless otherwise noted.) 


: Characteristic , | Symbot | 
Output Voltage (Ty = +25°C) Vo 


Line Regulation Regtine 
(Ty = +25°C, Ig = 100 mA) 
-7.0 Vde > Vi 2-25 Vde 
-8.0 Vdc > Vy 2-12 Vde 
{Ty = +25°C, 19 = 500 mA) 
-7,.0 Vde > V\ 2-25 Vde 

~8.0 Vde > Vy 2-12 Vde | 


& 
00 


Load Regulation ; 
Ty = +25°C,5.0mA <IQ<15A 
250 mA <ig <750 mA 


Regioad 
Input Bias Current Change 
Output Noise Voltage (Tp = +25°C, 10 Hz <f <100 kHz) | eon | 


Output Voltage Vo . 4.75 
~-7.0 Vde 2M 2-20 Vdc, 5.0mMA Sig <1.0A,P <15W 
Input Bias Current (Ty = +25°C) PB | 
4hiB 

-7.0 Vde > Vin 2 -25 Vde 

5.0mA <IQ <1.5A 
| Long-Term Stability AVo/At 
Ripple Rejection (IQ = 20 mA, f = 120 Hz) | RR 


Input-Output Voltage Differentiat IVi-Vol 
IQ = 1.0A, Ty = +25°C 
Average Temperature Coefficient of Output Voltage SVQ/4T 


19 = 5.0 MA, °C <T pa <+125°C 


a 
Output Voltage (Ty = +26°C) | 52 | 


Line Regulation 
(Ty = +25°C, tg = 100 mA) 
-7.2 Vde > Vy 2-25 Vde 
~8.0 Vde > Vy 2-12 Vde 
(Ty = +25°C, Io = 500 mA) 
~7.2 Vde 2 Vi 2-25 Vde 

-8.0 Vde > V} 2-12 Vde 


Load Regulation 
Ty =+25°C,5.0mMA <IQ <15A 


52 
Regioad ; 
12 | 105 
250 mA <!g <750 mA 45 52 
‘0 


Output Voltage ; Vo 4.94 
-7.2 Vde > V\ 2-20 Vdc, 5.0mMA <19 <1.0A,P <15 W 


Input Bias Current (Ty = +25°C) 


input Bias Current Change 
-7.2 Vde > Vi 2-25 Vde 
5.0mA SID <15A 


mV 
| ma 
Suu Nowe Varga =waRWG, fo <i=ioo KN [ton | 
8 


es 
ao 
[ronetermsabiiny———SSSSSSSCS~S~d Cae | 


Ripple Rejection (Iq = 20 mA, f = 120 Hz) | RR 


Input-Output Voltage Differential a, 
Iq =1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 4VQ/4T 
lo = 5.0. mA, °C <T a <+125°C , 


MC7900C Series 


ee ae eee 
~B8.0 Vde > V; 2-25 Vde 
-9.0 Vde > V, 2-13 Vde 
-9.0 Vde > Vy 2-13 Vde 
Load Regulation 
Output Voltage 5.7 ~6.3 
-8.0 Vdc > LL ad -21 Vdc, 5.0 mA <!lo <1.0A, P <15 W) ‘ 
eomsiosio®: MEsHities 
Input-Output Voltage Differential pe — — 
IQ = 1.0 A, Ty = +25°C ; 
Average Temperature Coefficient of Output Voltage 4VQ/4T mV/9°C 
IQ = 5.0mA, 0°C <Ta <+125°C 
Output Voitage (Ty = +25°C) 
Line Regulation 
-11Vde > V) > -17 Vde 
(Ty = +25°C, lq = 500 mA) 
Load Regulation 
Ty = +25°C,5.0mA <IQ <1.5A 


_ MC7906C ELECTRICAL CHARACTERISTICS ( v, = -11 V, ig = 500 mA, 0°C <Ty <+125°C unless otherwise noted.) 
Line Regulation , ne 
(T= +25°C, Ig = 100 mA) 
9.0 60 
3.0 30 
(Ty = +25°C, Ig = 500 mA) 
-8.0 Vde > Vj 2-25 Vde Hs 
Regioad © 
Ty =+25°C, 5.0mA <IQg < 1.5A 
250 mA <lo < 750 mA 
Input Bias Current Change 
~8.0 Vdc > Vi 2-25 Vde 
Ripple Rejection (lq = 20 mA, f = 120 Hz) 
MC7908C ELECTRICAL CHARACTERISTICS ( V, = -14 V, Ig = 500 mA, 0°C <Ty < +125°C unless otherwise noted.) 
(Ty =.+25°C, Iq = 100 mA) 
-10.5 Vde > V; >-25 Vde 
-10.5 Vde > Vy 2-25 Vde 
-11.Vde Vj 2-17 Vde 
250 mA <tgo <750 mA 
| Output Voltage 


-10.5 Vde > Vy > 


Input Bias Current Change 
-10.5 Vde > Vi 2-25 Vde 
5.0mA <Ig <1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 
Long-Term Stability 
Ripple Rejection (ig = 20 mA, f =.120 Hz) 


Input-Output Voltage Differential 
Io = 1.0A, Ty = +25°C 
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_ MC7900C Series 


MC7912C ELECTRICAL CHARACTERISTICS ( V1 =-19 V, Ig = 500 mA, 0°C <Ty < +125°C, unless otherwise noted.) 


Output Voltage (Ty = +25°C) 


Line Regulation g 
(Ty = +25°C, Ig = 100 mA) 
-14.5 Vde 2 V, 2-30 Vdc 
-16 Vde > Vj > -22 Vde 
(Fy = +25°C, Ig = 500 mA) 
14.5 Vde > Vi 2-30 Vde 
-16 Vde > Vy 2-22 Vde 
Load Regulation — 
Ty = +25°C, 5.0mA <iIQ<15A 
250 mA <!9g S750 mA 


Output Voitage : 
~14.5 Vde > Vy 2-27 Vdc, 5.0mA <1Ig S1.0A,P< 


Input Bias Current (Ty = +25°C) 
Input Bias Current Change : 7 
-14,5 Vde > Vy 2-30 Vde 


5.0mA <Ig <1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 
Long-Term Stability ; : : 


Ripple Rejection (Ig = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential 
IQ = 1.0 A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 
19 = 5.0 mA, OC <Tp <4125°C 


(erste sito ie 


Line Regulation : 

"(Ty = +25°C, Iq = 100 mA) 
-17.5 Vde > Vi. 2-30 Vde 
~20 Vde > V) 2-26 Vde 
(Ty = +25°C, 1g = 500 mA) 
-17.5 Vde > V) 2-30 Vde 

~20 Vdc > V, 2-26 Vde 


Load Regulation 
Ty = +25°C, 5.0mMA <IQ SISA 
250 mA <!o <750 mA 


Output. Voltage 


; - Vo "=15.75 Vde 
-17.5 Vde > V} 2-30 Vdc, 5.0 mA Cig <1.0A,P <15W 


input Bias Current (Ty = +25°C) ee ae Se ee a ee 


Input Bias Current Change : : 
-17.5 Vde > Vi 2-30 Vde 
5.0mA<!I9 <1.5A 


Ripple Rejection (Ig = 20 mA, f = 120 Hz) . ; 


Input-Output Voltage Differential 
Ig = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage. 
Io = 5.0 mA, 0°C ST, <4+125°C 


STA 


. MC7900C Series 


MC7918C ELECTRICAL CHARACTERISTICS (V; = -27 V, i¢ = 500 mA, 0°C <Ty <+125°C, unless otherwise noted.) 
[Characteristic Symbol _ | 


Line Regulation 
(Ty = +25°C, Iq = 100 mA) 
-21 Vde > Vj >-33 Vdc 
~24 Vde 2 Vy 2-30 Vde 

(Ty = +25°C, Ig = 500 mA) 

-21 Vde > Vi 2-33 Vde 

~24 Vde > V) 2-30 Vde 

Load Regulation aS 
Ty = +25°C, 5.0 mA <Ig <1.0A 

250 MA <ig <750 mA 


Output Voltage 
~21 Vdc > Vi 2-33 Vdc, 5.0 mA <!ig <1.0A,P S15 W 


Input Bias Current (Ty = +25°C) fp 


Input Bias Current Change 
-21 Vde 2 Vy 2-33 Vde 
5§.0mA <19 S1.0A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 


Long-Term Stability AVo/At 
Ripple Rejection (lo = 20 mA, f = 120 Hz) | RR 


Input-Output Voltage Differential ‘1Vi-Vol 
19 = 1.0A, Ty = +25°C 
’ | Average Temperature Coefficient of Output Voltage 
19 = 5.0 mA, °C <T pa <4+125°C 
MC7924C ELECTRICAL CHARACTERISTICS ( v 


Output Voltage (Ty = +25°C) Vo 


Line Regulation ! 
Regioad 


(Ty = +25°C, Iq = 100 mA) 


-27 Vdc > Vy 2-38 Vde 
~30 Vde > Vy 2-36 Vdc 
(Ty = +25°C, Io = 500 mA) 
~-27 Vde > Vy 2-38 Vde 
-30 Vde > V) 2-36 Vde 


Load Regulation 
Ty = +25°C, 5.0 mA <19 <1.0A 
250 mA <!g <750 mA 


Output Voitage 
~27 Vde > Vy 2-38 Vdc, 5.0 mA <lo <1.0A,P<15W 


input Bias Current (Ty = +25°C) ~ ‘ mi 


Input Bias Current Change 
. -27 Vde > Vi 2-38 Vde 
5.0mA <iq <1.0A 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 


Long-Term Stability : AVo / At 


Ripple Rejection {ig = 20 mA, f = 120 Hz) 


Input-Output Voltage Differential IV}-Vol 
- IQ =1.0A, Ty = +25°C 

Average Temperature Coefficient of Output Voltage — : AVQ/4T 
Ig = 5.0 mA, OC <T a <+125°C 
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MC7900C Series 


Pp, POWER DISSIPATION (WATTS) 


' TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO-220) 
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| Oya = 65°C/W 
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Ta, AMBIENT TEMPERATURE (°c) 


FIGURE 3 — PEAK OUTPUT CURRENT AS A FUNCTION OF 


19, OUTPUT CURRENT (AMPERES) 


RR, RIPPLE REJECTION (d8) 
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INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


1Vi-Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) - 


FIGURE 5 — RIPPLE REJECTION AS A FUNCTION OF 


- OUTPUT VOLTAGES 


f= 120 Hz 
19 =20:mA 
AVin = 1.0 V(RMS) 


' Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 2 — WORST CASE POWER DISSIPATION AS A.. 
FUNCTION OF AMBIENT TEMPERATURE (TO-3) 
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RR, RIPPLE REJECTION (dB) 


Pp, POWER DISSIPATION (WATTS) 
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FIGURE 4 — RIPPLE REJECTION AS A FUNCTION 
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FIGURE 6 — OUTPUT VOLTAGE AS A FUNCTION 


OF JUNCTION TEMPERATURE 


SRC RDAEERE 
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Ty, JUNCTION TEMPERATURE (°C) 


- MC7900C Series 


lg, INPUT BIAS CURRENT (mA) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — QUIESCENT CURRENT AS A FUNCTION 
: _ OF TEMPERATURE : 


Ty, JUNCTION TEMPERATURE (°C) 


DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the averag 
chip temperature is not significantly affected. . : 

«Load Regulation — The change in output voltage for a change in 
load current at constant chip temperature. . 


Maximum. Power Dissipation — The maximum total device dissi- 
pation for which the regulator will operate within specifications. 


Input Bias Current — That part of the input current that is not 
delivered to the load. 


Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- 
quency range. , ; 


Long Term Stability — Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices’ electrical characteristics and maximum power dissipation. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 


©. Ty(max) = Ta 
= 2 = 
DITA) Rp ya(typ) ~ Vt's~ Volo 


A.11A 


Power Dissipation allowable at a given oper- 
ating ambient temperature. 


Where: Pia) a 


Ty (max) = Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 


Ta = Maximum Desired Operating Ambient Temperature 


R@yalTyp) = Typical Thermal Resistance Junction to Ambient 


Ig = Total Supply Current 


MC7900C Series 


Design Considerations 

The MC7900C Series of fined voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 


In‘many tow current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be. bypassed with a capacitor if the regulator is connected 


FIGURE 8 — CURRENT REGULATOR - 


MC7902C 


Vo <10V 


The MC7902, -2.0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 


eee 
R 


The quiescent current for this regulator is typically 4.3 mA. 
The 2.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below the 
input voltage. 


FIGURE 10 — OPERATIONAL AMPLIFIER SUPPLY 
(£15 V@1.0A) 


+15 V 


Output 
MC7815C 


1N4001 
or Equiv 


Gnd 


-15 V 
Output | 


The MC7815 and MC7915 positive and negative regulators may 
be connected as shown to obtain a dual power supply for oper- 
ational amplifiers. A clamp diode should be used at the puNpure of 
the MC7815 to prevent potential latch-up problems. 


@) MOTOROLA Serniconductor Products inc. 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under ali load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequericies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the reg- 
ulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output is also recommended. 


FIGURE 9 — CURRENT BOOST REGULATOR 
(-5.0 V @ 4.0A, with 5.0 A current limiting) 


-5.0V 


Output 
2N 3055 * } : 


MC7905C 


*Mounted On common heat sink, Motorola MS-10 or equivalent. 

When a boost transistor is used; short-circuit currents are equal 
to the sum of the series pass and regulator limits, which are 
measured at 3.2 A and 1.8 A respectively in this case. Series pass 
limiting is approximately equal to 0.6 V/Rsc. Operation beyond 
this point to the peak current capability of the MC7905C is pos- 
sible if the regulator is mounted on a heat sink; otherwise thermal 
shutdown will occur when the additional load current is picked up 
by the regulator. 


FIGURE 11 — TYPICAL MECL SYSTEM POWER SUPPLY 
{-5.2 V @ 4.0A and ~-2.0 V @ 2.0 A; for PC Board) | 
-12 V -5.2V 
Input @& Output 


MC7905.2C 


-2.0V 
Output 


Mc7902C 


When current-boost power transistors are used, 47-ohm base-to- 
emitter resistors (R) must be used to bypass the quiescent current 
at no load. These resistors, in conjunction with the VgE of the 
NPN transistors, determine when the pass transistors begin con- 
ducting. The 1-ohm and 4-ohm dropping resistors were chosen to 
reduce the power dissipated in the boost transistors but still leave . 
at least 2.0 V across these devices for good regulation. 


Gnd 
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THREE-TERMINAL NEGATIVE 
VOLTAGE REGULATORS 


The MC79L00 Series negative voltage regulators are inexpensive, 


MC79L00C, AC series 


THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 


easy-to-use devices suitable for numerous applications requiring up to 
100 mA. Like the higher powered MC7900 Series negative regulators, 


this series features thermal shutdown and current limiting, making 
them remarkably rugged. !n most applications, no external com- 


ponents are required for operation. 


P SUFFIX 
CASE 29 
TO-92 


The MC79LO0 devices are useful for on-card regulation or any ° 
other application where a regulated negative voltage at a modest 
current level is needed. These regulators offer substantial advantage 


over the common resistor/zener diode approach. 


No External Components Required 

Internal Short-Circuit Current Limiting 

Internal Thermal Overload Protection 

Low Cost 

Complementary Positive Regulators Offered 

' (MC78L00 Series) 

Available in Either +5% (AC) or +10% (C) Selections 


REPRESENTATIVE CIRCUIT SCHEMATIC 


[eg 
ae 


+10% +5% Voltage 
MC79L03C | MC79LO03AC 
MC79LOS5C. | MC79LO05AC 
MC79L.12AC 
MC79L15AC 
MC79L18AC 
MC79L24AC 


MC79L12C 
MC79L15C 
MC79L18C 
MC79L24C 
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Pin 1. Ground 
2. Input 
3. Output 


G SUFFIX 
CASE 79 
TO-39 


Pin 1. Ground 
2. Output 
3. Input 


MC79LXXC 


A common ground is required between the 
input and the output voltages. The input voit- 
age must remain typically 2.0 V above the out- 
put voltage even during the fow point on the 
input ripple voltage. : 

*= C, is required if regulator is located an 
appreciable distance from power supply 
filter. “Pe ; : 


Q13. 


**= Co improves stability and transient 
response. 


ORDERING INFORMATION : 


XX_ indicates nominal voltage : 


MC79L00C, AC Series 


MC79LO00C Series MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


P Rating | Symbol] Value | Unit 


Input Voltage (-3,-5 V)} Vi -30 
pi 


{-12,-15,-18 V) 
(-24 V) 
enetan amparatre Range} ry. Yo vor] 


MC79L03C, AC ELECTRICAL CHARACTERISTICS (V_ =-10 V, Io = 40 mA, Ge 0.33 uF, Co = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


MC79L03C MC79LO3AC 
Characteristic Symbol ere | Typ | 


| Min | Raw 
ious yeas) of are [aco [se [208 [3.0 | 


= 

-3. 
Input Regulation Regjine 

(Ty= 425°C) 

-7.0 Vde > Vj > -20 Vde 

-8.0 Vdc > V} > -20 Vac 
Load Regulation Redload i an 


Ty = +25°C, 1.0mA <1g < 100mA 
10mA <ig <40mA 
Output Voltage 
-7.0 Vdc > Vy > -20 Vdc, 1.0 MA < 19 < 40mA 
V\ =-10 Vdc, 1.0mA <Ig < 70mA 


Input Bias Current Change 
-8.0 Vde = Vy > -20 Vde 
1.0mA < Io <40mA 

Output Noise Voltage 
(Ta = as 10 Hz <f < 100 kHz) 


mV/1.0 k Hrs. 


Rippie Rejection 
{(-8.0 > Vj > -18 Vde, f = 120 Hz, Ty = 25°C) 
Input-Output Voitage Differential 
"1g = 40 mA, Ty = +25°C 


Input Bias Current : 
(Ty = +25°C) : : 
(Ty = +125°C) 
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MC79LO00C, AC Series 


MC79LO5C, AC Series ELECTRICAL CHARACTERISTICS (V, = -10 V, I = 40 mA, C; =.0.33 uF, Co = 0.1 uF, 
0°C < Ty <+125°C unless otherwise noted. eS 


Characteristic 


Input Regulation 
(Ty = +25°C) 
-7.0 Vde > V,> -20 Vde 

~8.0 Vde > V} >-20 Vde 

Load Regulation 
Ty = +25°C, 1.0mA <1Qg < 100mA 

'1.0mA <19 < 40 mA ; 

Output Voltage . 
~7.0 Vde > Vj > -20 Vdc, 1.0mA< lo <40mA 

Vy = -10 Vde, 1.0 mA <1Qg < 70 mA 

Input Bias Current 

(Ty = +25°C) 

(Ty = +125°C) 

Input Bias Current Change 

. ~8.0 Vde > Vy > -20 Vde 
1.0mA <lg <40mA 

Output Noise Voltage 

(Ta = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability ee 


Ripple Rejection 
_ (-8.0 > Vj > 18 Vde, f = 120 kHz, Ty = 25°C) 


Input-Output Voltage Differential 
lo = 40mA, Ty = +25°C 


mV/1.0k Hrs. 


MC79L12C, AC ELECTRICAL CHARACTERISTICS (Vj = -19 V, 19 = 40 mA, Cy = 0.33 uF, Cc = 0.1 nF, 
0°c <T ee < +125°C unless otherwise noted.) 


[= MC79L12C—COFT 12C | = MC79L12AC | = MC79L12AC 
Characteristic me 


Output Voltage (Ty = +25°C) 7 


| Min {1 
| Vo | -11.1_ | 
input Regulation. Fea 
(Ty =+25°C) 
me -14.5 Vde > Vy> -27 Vde 
-16 Vde > Vj > -27 Vde 
Load Regulation Regioad 
Ty = +25°C, 1.0MA < Ig < 100mA 
1.0mA <Ig <40mA 


Output Voitage 
-14.5 Vde > Vj > -27 Vdc, 1.0mMA <!Q <40mA 
V1 =-19 Vde, 1.0mA <lg<70mA 


mV 


Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 


Input Bias Current Change : A 
-16 Vde > Vj > -27 Vdc 
10mA <!lg <40mA 


Output Noise Voitage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability 

Ripple Rejection ee 
(-15 < V) < -25 Vdc, f = 120Hz, Ty = +25°C) 

Input-Output Voltage Differential Peed 
19g = 40 mA, Ty = +25°C : 
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MC79LO0C, AC Series 


MC79L15C, AC aera CHARACTERISTICS (Vv, = -23 V, Iq =40 mA, C, = 0.33 uF, Co = 0.1 nF, 
0°C < Ty < +125°C unless otherwise noted. Se eae 


a 15C 
Characteristic — Cie | ae | Typ 


Output Voltage (Ty = +25°C) 


Input Regulation 
(Ty = +25°C) 
-17.5 Vde > Vj > -30 Vde 
-20 Vde > Vj > -30 Vde ress 


Load Regulation 
Ty = +25°C, 1.0mMA <IQ < 100mA 150 
10mMA<1ig <40mA . 75 
Output Voltage . 
~17.5 Vde > Vi-> -30 Vde, 1.0 mA <IQ<40mA 
V, = -23 Vdc, 1.0 mA <1Q<70mA 


Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 

Input Bias Current Change 
-20 Vde > Vy > -30 Vde © 
10mA <1Q9 <40mA 


Output Noise Voltage 
(Ta = tore 10 Hz <f < 100 kHz) 


Ripple Rejection 
(-18.5 < Vj < -28.5 Vdc, f = 120 Hz) 


MC79L18C, AC ELECTRICAL CHARACTERISTICS (Vj = -27V, lo = 40 mA, Cy = 0.33 uF,Co=0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 
[| == Mc79LisAc 
Characteristic 


Output Voltage (Ty = +25°C) Ti 


Input Regulation ; 
(Ty=+25°C) 
-20.7 Vde > V| > -33 Vde 
-21.4 Vde > V} 2-33 Vde 

_ =22 Vde > Vy : -33 Vde 
- =21 Vde > Vj > -33 Vde 


Load Regulation 
Ty = +25°C, 1.0mMA < IQ < 100mA 
1.0MA < 19 < 40mA 
Output Voltage 
-20.7 Vdc > V, > -33 Vde, 1.0 mA< 19 < 40mA 
-21.4 Vde > Vj > -33 Vde, 1.0mMA<iQ<40mA 
V, = -27 Vdc, 1.0mMA <IQg <70mA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
tnput Bias rae: Change 
-21 Vde 2 V| > -33 Vde 
-27 Vde > " > -33 Vde 
10mA < lg <40mA 
Output Noise Voltage ; 
(Ta* +25°C, 10 Hz < f < 100 kHz) 


Long-Term Stability 
Ripple Rejection 

(-23 < V, <-33 Vde, f = 120 Hz, Ty = +25°C) 
Input-Output Voltage Differential 

19 = 40 mA, Ty = +25°C | 


MC79L00C, AC Series 


MC79L24C, AC ELECTRICAL CHARACTERISTICS (V} = -33 V, 19 =40 mA, Cy = 0.33 uF, Co = 0.1 uF, 
Characteristic 


0°c < aaa < +125°C unless otherwise noted.) 
Output Voltage (Ty = +25°C) ee ee 


[= MC79L24AC "7 
Input Regulation 


(Ty = +25°C) . 
-27 Vde > V, > -38V 


-27.5 Vde > Vj > -38 Vde 
-28 Vdc > Vj > -38 Vdc 


Load Regulation 
Ty =+25°C, 1.0mA < Ig < 100mA 
IN\-Vo/ 


1.0mA < 1g < 40mA 
Output Voltage 
APPLICATIONS INFORMATION 


~27 Vde > Vi > 
-28 Vde > Vi > 


-38V,1.0mA < lg < 40mMA 
-38 Vdc, 1.0mMA<ig<40mA 


Vi =-33 Vde, 1.0MA<!g <70mA 
Input Bias Current 

(Ty = +25°C) 

(Ty = +125°C) 


Input Bias Current Change 

-28 Vde = Vi > -38 Vde 

10mA <19 <40mA 
Output Noise Voltage 

(Ta = +25°C, 10 Hz < f < 100 kHz) 
Long-Term Stability 
Ripple Rejection 

(-29 < Vj < -35 Vdc, f = 120 Hz, Ty = 25°C) 
tnput-Output Voltage Differential : 

19 = 40 mA, Ty = +25°C 


Design Considerations 

The MC79LOOC Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 


selected to provide good high-frequency. characteristics to insure 
stable operation under ali load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 


Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass. 

In many low: current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

“ to the power supply filter with tong wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 


CURRENT REGULATOR 


MC79L03C 


tg =100 mA 


The MC79L03, -3.0 V regulator can be used as aconstant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 


_3V 
lo==-t!e 


The quiescent current for this regulator is typically 3.8 mA. - 


The -3.0 voit regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below. the 
input voltage. 
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be mounted with the shortest possible leads directly across the 
regulators input terminals. Normaliy good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. Bypassing the out- 
put is also recommended. 


POSITIVE AND NEGATIVE REGULATOR 


MC78LXX 
MC79LXX 


+Vo 
© 


MC79L00C, AC Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 2-— DROPOUT VOLTAGE versus 


FIGURE 1 — DROPOUT CHARACTERISTICS 


JUNCTION TEMPE RATURE 


2% of Vo 


Dropout of Regulation is 
defined as when 


“Vo 


we 
N - - ° 
(SLIOA) JDVLIOA 
WILNIY39410 LAGLNO/ LAAN! ‘OA-1A 


MC79L05C 


(SLTOA) 39VLIOA indino ‘OA 


Vj, INPUT VOLTAGE {VOLTS) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 3 — INPUT BIAS CURRENT versus 


FIGURE 4 — INPUT BIAS CURRENT versus 


INPUT VOLTAGE 


AMBIENT TEMPERATURE 


MC79L05C 


V,, INPUT VOLTAGE (VOLTS) 


(vu) LNABYAD Svia LhgNt ‘SH 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — MAXIMUM AVERAGE POWER DISSIPATION 


FIGURE 6 — MAXIMUM AVERAGE BOWER DISSIPATION versus 


AMBIENT TEMPERATURE 


- T0-92 Type Package 


TO-39 Type Package 


UNE 


| 


'0-Heat Sink 


versus AMBIENT TEMPERATURE 


LA ea 
pn oft 
WAL ae 
ANVIL 
NTT 


Infinite Heat Sink 
= 
a 
-——J 
==— 

— 
[7 
30°C Watt Heat Sink 
= 


minh 


TTT, 
AAA 
Ms 


* {M4)) NOLLWdISSIG BaMOd “Og 


100 = 
Ta, AMBIENT TEMPERATURE (°C) 


75 


50 


Th, pe TEMPERATURE (°C) 
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MLM104 
MLM204. 


— MLM304 


MONOLITHIC NEGATIVE VOLTAGE REGULATOR 


The MLM104G, MLM204G, and MLM304G are functionally, 
electrically, and pin-for-pin equivalent to the LM104, LM204 and 
LM304. respecitvely. 


NEGATIVE VOLTAGE 
REGULATOR 


®@° Regulation No Load to Full Load — 1.0 mV 
@ Line Regulation — 0.01 %/V 
®@ Ripple Rejection ~ 0.2 mV/V 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


@ Temperature Stability Over Temperature Range — 0.3% 


CIRCUIT SCHEMATIC 


ADJUSTMENT ; 
METAL PACKAGE 
CASE 603 
(TO-100) 


Resa = 160°C/w 


NO 
CONNECTION 


ADJUSTMENT (AG) GROUND 
REGULATED 
REFERENCE ©) 
REFERENCE Cy O sooster 
SUPPLY 
COMPENSATION SAGO CURRENT LIMIT 


UNREGULATED 
INPUT 
Toe 
VIEW 


BOOSTER 
OUTPUT 


Pin § Electrically 
Connected to Case 
Through Substrate 


CURRENT 
LIMIT 


=e? ORDERING INFORMATION 
UNREGULATED 
INPUT 


IMiumio4a| —— S| - 55°C to +125°C | Metal Can| 
IMiM20o4{ | - 25°C to +85°C | Metal Can! 


REFERENCE 
SUPPLY COMPENSATION 


TYPICAL APPLICATIONS 
FIGURE 2 — SEPARATE BIAS FIGURE 3 — HIGH CURRENT REGULATOR 


SUPPLY OPERATION 
E : _ 
9 2N2905 
or Equiv 


; . ; N 32. 


2 
3 


Solid Tantalum : 
Trim R1 for exact tSolid Tantalum ; = 
scale factor. . . . TSolid Tantatum 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely retiable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MLM104, MLM204, MLM304 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


Rating 


-55 to +125 -25 to +85 to +70 


-65 to +150 -65 to +150 | -65to +150 


Lead Temperature 
(soldering, t = 10 s) : 


Output-tnput Voltage Differential 
lg = 20 mA 
19 =5.0mMA 

Load Regulation 

0 Sig S20 mA, Rgc = 152. 
Line Regulation 
Vo S-5.0 V, 4 Vin = 0.1 V 

. Ripple Rejection (See Figure 1) 
(Cy = 10 uF, f = 120 Hz) 

Vin < -15V 


Rela Se 
-7.0V > Vin> -15V 


Output Voltage Scale Factor Vik 2 
Ry = 2.4 k © (See Figures 1,2 and 3) 


Temperature Stability 

Vo S-1.0V 

Vo S -1.0V, 0°C < Ta < +70°C 

Output Noise Voltage {See Figure 1} 
(10 Hz S #< 10 kHz) 

Vo & -5.0 V, C1 =0 


Standby Current Drain (I, = 5.0 mA) 


Long Term Stabitity 
Vo S -1.0V 


Note.1: 


The maximum junction temperature of the MLM 104 i is +150°C, for the MLM204 — +100°C, and for the MLM304 — +85°C. For operating 
at elevated temperatures, the package must be derated based on a thermal resistance of 150°C/W — junction to ambient, or 45°C/w a 
junction to case. 


Note 2: ; ; 

These specifications apply for junction Sacriparaticss of —55°C to +150°C for the MLM104; —25°C to +100°C for the MLM204; sna Oto 
+85°C for the MLM304. The specifications also apply for input and output voltages within the indicated ranges (unless otherwise specified). 
Load and line regulation specifications given are for constant junction temperature. Tomperauts drift effects must be taken into account 
separately when the device is operating under conditions of high power dissipation. 
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~ MLM105 
MLM205 
MLM305. 


MONOLITHIC POSITIVE VOLTAGE REGULATOR 
The MLM105, MLM205, and MLM305 are functionally, electri- 


cally, and pin-for-pin equivalent to the LM105, LM205, and L_M305 
respectively. 


POSITIVE VOLTAGE REGULATOR 

® Output Voltage Adjustable from 4.5 V to 40 V SILICON MONOLITHIC 

.© Output Currents in Excess of 10 A Possible by Addition of 
External Transistors 

@ Load Regulation Better than 0.1%, Full Load with Current 
Limiting 

® DC Line Regulation, 0.03%/V 

®@ Ripple Rejection, 0.01 %/V 


' 


INTEGRATED CIRCUIT 


CIRCUIT SCHEMATIC 


O 
UNREGULATED 


O ; 
BOOSTER OUTPUT . 


CURRENT LIMIT 


REGULATED OUTPUT REGULATED OUTPUT 
8 _ 


8) 
CURRENT LIMIT (7) G) Sei 
© 
. COMPENSATION 


SHUTDOWN BOOSTER OUTPUT(2) (6) FEEDBACK 


UNREGULATED (NPUT (3) (5) REFERENCE BYPASS 


GROUND 
Note: Pin 4 connected to case 
{TOP VIEW) 
FEEDBACK 


§ 
O 
REFERENCE BYPASS | 


4 
O GROUND ORDERING INFORMATION a 


TYPICAL |MuiM105G|_——__| -55°C to +125°C |Metal Can] 
APPLICATIONS PMLM205G{__ —_—|: - 25°C to +85°C_|Metal Can! 
LM305H 


FIGURE 3 ~ 1.0 A REGULATOR with PROTECTIVE DIODES 
1N4001 OR EQUIVt 


, ; Vo =28V . 
. . 92 \ & 1waoo1 on EQuivt 
: 2N3055 OR EQUIV. ? 
‘ 4) O O 


2N3772 GR EQUIV 


Protects against shorted input or 

inductive toads off unregulated 
Supply. 

“Protects against input voltage 
reversal : 

Protects against output voltage 
reversal 

*  48olid Tantalum = 
*Electrolytic 


MLM105, MLM205, MLM305 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) , . 


Seb | MMOS [MLM LMOOS 
a 


; in 
Input-Output Voltage : |Vin-Vol 
Differential a 
680 


Power-Dissipation (See Note 1) 680 | 680 


Vv 


<a ce 
Pea cee 
wa 
Operating Temperature Range Ta [-55 to +125 |-25 to +85 
Storage Temperature Range ~65 to +150 +65 to +150 |- 65 to +150 

Cc 


Lead Temperature Ts ° 
(soldering, t = 10s) 


ELECTRICAL CHARACTERISTICS (See Note 2) 


; AA 
Seammtine —|mtt 


Input Voltage Range 
Output Voltage Range 
Output-Input Voltage Differential 1 Vin-Vol 


Load Regulation (See Figure 1) 
(0 <lg S12 mA) 
Rsc = 18 2, Ta = +25°C 
Rgc = 10 2, Ta = Thigh* 
Rgc = 18 2, Ta = Tiow** 
Line Regutation 
VinVo < 5.0 Vv 
Vin-Vo > 5.0V 


Ripple Rejection (See Figure 1) 
| Greg = 10 uF, f = 120 Hz 
Temperature Stability — 
Tlow** Tas Thigh* 


Output Noise Voltage (See Figure 1) 
(10 Hz < f < 10 kHz) 
Cret=0 ? 
Cref > 0.1 uF 
Standby Current Drain 
Vin = 50.V 
Vin =40V 


*Thigh = +1 25°C for MLM105 **Tiow = -55°C for MLM105 
+85°C for MLM205 -25°C for MLM205 
+70°C for MLM305 - 0°C for MLM305 
Note 1: — . , : 
The maximum junction temperature of the MLM 105 is +150°C, for the MLM205:-— +100°C, and for the MLM305 ~- +85°C. For operating 
at elevated temperatures, the package must be derated based on a thermal resistance of 150°C/W — junction to ambient, or 45°C/W — 
junction to case. 


Note 2: ; 


These specifications apply for junction temperatures of —55°C to +150°C for the MLM105, —25°C to. +85°C for the MLM205, and 0 to 
+70°C for the MLM305. Specifications also apply for input and. output voltages within the indicated ranges.and for a divider impedance 


sensed by the feedback termina! of 2.0 kilohms (untess otherwise specified); Load and fine regulation specifications given are for constant Ae 


junction temperature: Temperature drift effects must be taken into account separately when the device is operating under conditions of 
high. power dissipation. : ; : : : ; 


Circuit diagrams utilizing Motorola products are included as a means is betieved to be entirely reliable. However, no responsibitity is 
of itlustrating typical ‘semiconductor applications; consequently, assumed for inaccuracies.. Furthermore, such information daes not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola tnc. or others. . . 
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MLM109 
: | | MLM209 
z MLM309 


MONOLITHIC POSITIVE THREE - TERMINAL 
FIXED VOLTAGE REGULATOR 


POSITIVE 
VOLTAGE REGULATOR 


A versatile positive fixed +5.0-volt regulator designed for easy 
application as on on-card, local voltage regulator for digital logic 
systems. Current limiting and thermal shutdown are provided to 
make the units extremely rugged. 

In most applications only one external component, a capacitor, 
is required in conjunction with the MLM109 Series devices. Even 
this component may be omitted if the power-supply filter is not lo- 
cated an appreciable distance from the regulator. : 


@ 


INPUT OUTPUT 


K SUFFiX 
METAL PACKAGE (bottom 
. view) 

CASE 11-01 

(TO-3 Type) 


@ High Maximum Output Current — Over 1.0 Ampere in TO-3 type 
Package — Over 200 mA in TO-39 Package 


°@ Minimum External Components Required 
- @ Internal Short-Circuit Protection 


@ Internal Thermal Overload Protection 


: . ‘ 7 Ground 
@ Excellent Line and Load Transient Rejection : 
: (BOTTOM VIEW) 


@ Designed for Use with Popular MDTL and MTTL Logic 
G SUFFIX 


METAL PACKAGE 
CASE 79-02 
(TO.39) 


ORDERING INFORMATION : 


ALTERNATE TEMPERATURE RANGE 
T)=—55°C to +150°C 


T) = 255°C to 150°C 


CIRCUIT SCHEMATIC 


TYPICAL APPLICATION 


FIXED 5.0 V REGULATOR 


5V 


MLM109 Output 


“Required if regulator is located an appreciable 
~ distance from power supply filter. 

Aljthough no output capacitor is needed for 
stability, it does improve transient response. 
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Pp, POWER DISSIPATION (W) 


t 


MLM109, MLM209, MLM309- 


eee eee 


| Symbol | | Unie_| 
fe Nit ee 
a ae ae 
Junction Temperature Range Ty : c 
-55 to +150 ~ 
-55 to +150 
0 to +125 


MLM109 
-65 to +150 oC 
300 oC 


MAXIMUM RATINGS 


Vde 
oO 


MLM309 
Storage Temperature Range Tstg 


Lead Temperature Ts 
(soldering, t = 60 s) 


ELECTRICAL CHARACTERISTICS 


i Characteristic Symbol 


Output Voltage (Ty = +25°C) 


Input Regulation (Ty = +25°C) 
7.0 SVin <25 V 


Load Regutation (Ty = +25°C) Regtoad 
Case 11-01 (type TO-3)5.0 mA < Igo < 1.5A 
4 Vo 


MLM209 


Case 79-02 (TO-39) 5.OMA< Ig <O.5A 
Output Voltage Range 

7.0 V <Vin S25 V 

5.0mMA S10 < Imax P <Pmax 
Quiescent Current (7.0 V <Vjn <25 V) 
Quiescent Current Change (7.0 V < Vin <25 V) 


Output Noise Voltage (Ta = +25°C) 
10 Hz << 100 kHz 
Thermal Resistance, Junction to Case ® 
Case 11-01: (type TO-3) 
Case 79-02 (TO-39) 


NOTES: : 4 

@ Unless otherwise specified, these specifications apply for -55°C Ty <+ 150° (-25°C <Ty <+150°C for the MLM209). For-Case:79-02 
(TO-39) Vin = 10 V, 19 = 0.1 A, Imax = 0.2 A and Prax = 2.0 W. For Case 11-01 (type TO-3) Vj, = 10 V, Ig = 0.5 A, Imax = 1.0 A and 
Pmax = 20 W. 

@) Unless otherwise specified, these specifications apply for OOC <Ty < +125°C, Vin = 10V. For Case 79-02 (TG-39) Ig = 0.1A, Imax = 0.2A 
and Piyax = 2.0 W. For Case 11-01 (type TO-3) lg = 0.5 A, Imax = 1.0 A and Prax = 20 W. 

6) Without a heat sink, the thermal resistance of the Case 79-02 (TO-39) package is about 150°C/W, while that of the Case 11-01 (type TO-3) 
package is aoproximately 35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on 
the efficiency of the heat sink. — 


TYPICAL CHARACTERISTICS 
(Vin = 10 V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — MAXIMUM AVERAGE POWER DISSIPATION « FIGURE 2 — MAXIMUM AVERAGE POWER DISSIPATION 


(MLM109K, MLM209K) (MLM109G, MLM209G) 


WAKE FIELD " 
HEAT SINK 
680-75 or EQUIV 


“INFINITE 
T HEAT SINK 


Pp, POWER DISSIPATION (W) 
So 
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ee 
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—— 
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ciel eeel 
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ead 
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i) 50 75 100 125° 150 
Ta, AMBIENT TEMPERATURE (°C) : Ta, AMBIENT TEMPERATURE (°C) 
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TYPICAL CHARACTERISTICS (continued) 


+25°C unless otherwise noted.) 


(Vin = 10 VTA 


— MAXIMUM AVERAGE POWER DISSIPATION 


FIGURE 4 — MAXIMUM AVERAGE POWER DISSIPATION 


FIGURE 3 


(MLM309G) 


(MLM309K) 


> 


a 
oS 
w 
is 
wi 
4 


NEAT SINK 
680.78 OR EQUIV. 


En 
OT 
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aA 
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FIGURE 6 — PEAK OUTPUT CURRENT (K PACKAGE) 


FIGURE 5 - OUTPUT IMPEDANCE versus FREQUENCY 
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aE 
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Vin, INPUT VOLTAGE (V) 
FIGURE 8 — RIPPLE REJECTION 


FIGURE 7 — PEAK OUTPUT CURRENT (G PACKAGE) © 


(w) iNgiun9 indino 0 


1.0k 10k 100 k TOM 
f, FREQUENCY (Hz) 
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10 


Vin. INPUT VOLTAGE (V} 
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INPUT-OUTPUT DIFFERENTIAL (V) 


Vo, OUTPUT VOLTAGE (V) 


ig, QUIESCENT CURRENT (mA) 


MLM109, MLM209, MLM309 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 — DROPOUT VOLTAGE 


1.0A 
fackage Only) 


75 -50 -2 0 +25 450 475 +100. +125 
Ty, JUNCTION TEMPERATURE (°C) 


+150 +175 


FIGURE 11 — OUTPUT VOLTAGE 
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FIGURE 13 — QUIESCENT CURRENT 
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Vim, INPUT VOLTAGE (V) 


FIGURE 10 — DROPOUT CHARACTERISTIC 
(K PACKAGE) 


Vo, OUTPUT VOLTAGE (V) 
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MLM109, MLM209, MLM309 


TYPICAL APPLICATIONS 
ee 
FIGURE 15 — ADJUSTABLE OUTPUT REGULATOR , FIGURE 16 — CURRENT REGULATOR 
MLM109 OUTPUT 


MLM169 


OUTPUT 
. *DETERMINES OUTPUT CURRENT. 


FIGURE 17 — 5.0-VOLT,3.0-AMPERE REGULATOR. FIGURE 18 — 5.0 VOLT, 4.0-AMPERE TRANSISTOR 
(with plastic boost transistor) (with plastic Darlington boost transistor} 


MJE1090 OR EQUIV 
ae 10V - 
sw MJE370 OR EQUIV 


@ . 
10V : 5.0V + 0-408 
0-3.0A %W 10 pF 
22 eye T 
8w : 
ia: : . O 
; ; O MLM109G O 


FIGURE 20 — 5.0-VOLT, 10-AMPERE REGULATOR 


: (with Short-Circuit Current Limiting for - 
FIGURE 19 — 5.0-VOLT, 10-AMPERE REGULATOR Safe-Area Protection of pass transistors) 
0.1,5W 
MJ2955 OR EQUIV : 
&, 5.0V 30 Vimax) 
; " 


10 Vimin) 


10 pF .  2N6049 
OR EQUIV 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibitity is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarity given. The information has been carefully checked and license under the patent rights of Motorola inc. or others. 
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INTERFACE CIRCUITS 


Temperature Range 


0 to 70°C 


DS3645,75 
DS3647,77,147,177 
Ds8641 
MC1408 
MC1406 

MC1408 


--§5 to 125°C 


MC1505 
MC1506 
MC1508 


MC1411,12,13,16* 


MC1440 
MC1444 - 
MC1472 
MC1488 
- MC1489,A 
XC26810,11 
MC3232A 


MC3245 
Mc3408 
MC3410,C 

-MC3416 

_MC3417,18 


MC3437 
MC3438 
MC3440,41,43 
MC3446 
XC3448 
-MC3450,52 
MC3453 
MC3459 
MC3460,66 
MC3461 
MC3467 
MC3468 ~ 
XC3480 
MC3486 
XC3487 
MC3490,94 
MC3491,92 
-XC6875 


MC1540 
MC1544 


MC3510 


Six-Bit Multiplying D-to-A Converter......... gna 
Eight-Bit Multiplying D-to-A Converter .......... 
Peripheral Driver Arrays... 1... ee ee ee ee ee 
Core Memory Sense Amplifies..:....... Seka tt oe 
AC-Coupled 4-Channel Sense Amplifier .......... 
Dual Peripheral NAND Driver... 2.2.2... ee eee 
Quad MDTL Line Driver.......... fe ee : 
Quad MDTL Line Receiver .........0 0002 wee 
Quad Open-Collector Bus Transceivers. .......... 
Memory Address Multiplexer/Refresh . 
Address Counter .. 0.0 eee ee eet gee 
Quad TTL-to-MOS Driver... 0.0.0... ede dae 
Eight-Bit Multiplying D-to-A Converter .......... 


Ten-Bit D-to-A Converter... 0... ...000 007 ee 
_ Crosspoint Switch... .... hile ae abt ae tel a wa Me eg et 


Continuously Variable Slope Delta 
Modulator/Demodulator...........-5 Sore er 
Hex Unified Bus Receiver ......... a ered % 
Quad Unified Bus Transceiver... 0.0.2.0... 00005 
Quad Interface Bus Transceivers ........-.0005 
Quad Interface Bus Transceiver... . 0. ee ee ee 


_ Quad Three-State Bus Transceiver ...... ee a ee 


Quad Line Receiver... 2... 02 2c eee ee ee es 
Quad Line Driver... . 2... we ee ee ws 


. Quad NMOS Memory Driver... .......2 000 eae 
Gate Controlled Four-Channel MOS Clock Driver .... 


Dual NMOS Memory Sense Amplifier ........... 
Triple Preamplifier. ......... Arie tntdclelia be Gee 
Magnetic Read Amplifier. ............-. ona 
Memory Controller Circuit... 2... 2... ee ee ee 
Quad RS-422/423 Line Receiver ......,.... eon 
Quad RS-422 Line Driver... 0. Le ee es 
Seven-Digit Gas Discharge Display Driver ......... 


‘Eight-Segment Visual Display Driver. ........... 


M6800 Clock Generator/Driver........ et ed Gee 


INTERFACE CIRCUITS (continued) 


Temperature Range 


0 to 70°C -55 to 125°C : Page 
MC6880A/MC8T26A - Quad Three-State Bus Transceiver ............. 5-238 
MC6881/MC3449 - Triple Bidirectional Bus Switch... . . Le er ee 5-243 
MC6885—88/MC8T95—98 _ Hex Three-State Buffer/Inverter ........ re, 5-245 
MC6889/MC8T28 _ Non-tnverting Bus Transceiver. ........20 000006 5-250 
MC7524 ,25 MC5524,25 Dual Sense Amplifier... 2... 0.0... ee ee eee 5-252 
MC7528,29 MC5528,29 — Dual Sense Amplifier with Preamplifier 

West’ PONS: 4g ere Sea wie we RS we eae eee 5-255 
MC7534,35 MC5534,35 Dual Sense Amplifier with Inverted Outputs ....... 5-258 . 
MC7538,39 ; MC5538,39 Sense Amplifier with Preamplifiet Test Points. ...... 5-260 
MC8T13,23 _ Dual Line Drivers. 2... 0. ee ee . . 5-262 
MC8T14,24 ‘ — Triple Line Receivers... ..... 0. eee ee ee eee 5-265 
MC75107,8 MC55107,8 Dual Line Receivers......... 1 as clase ei ok Hes cae ge 8 — §-269 
MC75110 : - DualLine Driver: ~ ive a.o.8 Gases Bale ER AOS g 5-274 
MC75140 - Dual Line Receiver... 62... ee eee ee eee 5-281 
MC75325 MC55325 Dual Memory Driver. ............ We Siena eet 5-285 
MC75365 — Quad MOS Clock Driver. 2... ee ee ee 5-291 
MC75368,58 2 Dual MECL-to-MOS Drivers... 0... 0000-0000 _. 6-299 
MC75450 — Dual Peripheral Driver ........ Bie te ele Oa, Pos 5-306 
MC75451—54 - Dual Peripheral Drivers... 1... 0 ee ee 5-311 
MC75461—64 . - High-Voltage Peripheral Drivers..........2004% 5-315 
‘MC75491 92 -~ Light-Emitting Diode Drivers ............000- 5-320 
MCC1486,87 — — Quad LED Digit Drivers... 2.0.0... cece 5-326 


MMHO0026C MMHO0026 Dual MOS Clock Driver 2... 1... 2 ee ee ee ee , 5-328 


*T a = 0 to 85°C 


Computer Bus 
' Line drivers and receivers designed to operate com- 
patibly. The MC8T13/MC8T14 combination is specified 


for general TTL system applications. The MC8T23/ 
MC8T24 combination is specifically oriented toward 
IBM 360/370 system requirements. 


DUAL LINE DRIVERS a TRIPLE LINE RECEIVERS 


MC8T13 — ‘Open emitter driver; specified for general MC8T14 — Hysteresis-equipped receiver; specified for 
TTL systems. : general TTL systems. 


MC8T23 — Open emitter driver; specified to meet 1BM MC8T24 — Hysteresis-equipped receiver; specified to 
system requirements. - . : meet !BM system requirements. : 


Gate 
input A3 


Gate 
input B3 tnput $3 


Receiver Receiver 


All four devices: 
Ta =0 to 75°C 


Packages: . Gate 
L Suffix — Case 620 C | 12] input A2 

. Suffix ~ Case 648 Strobe 
: input S2 


Receiver 


oO 7 
@ Ion = -75 mA S PLH : ‘ tPLHIR) 

@ Ion = -59.3 mA* @ Vin(R) = 3.11 V* | @ C, = 15 pF 
Volts Max . Number | Volts Min mA Max ns Max 


Minicomputer Bus _ Transceivers and receivers for QUAD TRANSCEIVERS 


bus organized minicomputers employing 120-ohm terminated lines. MC3438 _ Open eGileetor driver outputs allow wire- 
: ; . DS8641 OR connection. MC3438 has hysteresis- 
HEX RECEIVERS equipped receiver for improved noise immunity 
: ; . . ; {not available with DS8641). MC3438 is equivalent 
MC3437 — Hysteresis-equipped for improved noise DS88338. 


immunity. DS8837 equivalent. 


All three devices: 
Ta = 0 to 70°C 


Packages: 


MC3437 
MC3438° - DS6841 
L Suffix — Case 620 — J Suffix 
P Suffix — Case 648 — N Suffix 


Receiver 
Hysteresis 
Volts 


MUR) tPLHIR) 
@ Vin) 7 4.0V Hysteresis @C, = 15 pF 
uA Max Volts Min ns Max 


*MC3438 only. 
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BUS INTERFACE (continued) 


Microcomputer. Bus 


This family of devices is designed to extend the General features include: | 
limited drive capabilities of today’s standard 6800 and @ Single +5.0 V Power Supply Requirement 
8080 type NMOS microprocessors. Ail devices are fabri- @ Three-State Logic Output : 
cated with Schottky TTL technology for high speed. @ Low Input Loading — 200 uA Max. 


DATA BUS EXTENDERS 


Quad, Bidirectional, with 3-State Outputs 
MC6880A/MC8T26A# — Inverting MC6889/MC8T 28# — Non-inverting 


Receiver 
Enable 
tnput 


Receiver 


Receiver: : i # These devices may be Racelver 


Output . i 
1 ordered by either of 
the paired numbers. 

Busl1 Ft 


Oriver 
Input 
1 


- Receiver r i . 
Both types: 
Output Dp 
2 pa Tp = 0 to 75°C 
Bus 2 ° a Packages: : 
L Suffix — Case 620 
P Suffix — Case 648 


Oriver 


Input Current lOHL tpLH. tPHL 
- Output Disabied Propagation Delay Time — High to Low or. 


NH Un Leakage Current — High Logic State Low to High 
Number uA Max uA Max LA Max ns Max 


MC6880A/MC8T26A -200 100 © 14 
MC6889/MC8T28 . ~200 . 100 a P 17 


ADDRESS AND CONTROL BUS EXTENDERS 


Hex, Unidirectional, with 3-State Outputs 


MC6885/MC8T95# — Non-inverting MC6887/MC8T97 # — Non-inverting 
MC6886/MC8T96 # — Inverting MC6888/MC8T98 # — Inverting 
Two-input Enable controls all six buffers. Two Enable inputs, one controlling four buffers 
and the other controlling the remaining two 


buffers. 
enaoes 1} 


#These devices may be 
ordered by either of 
the paired numbers. 


All four types: 
Ta =0 to 75°C 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648. 


* Add inverter for MC6886/MCBT96. 


— Von. VoH 
@ lo, = 48 mA @ ton = -5.2. mA 
Volts Max : Volts Min ; 
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BUS INTERFACE (continued) 


Microcomputer Bus (continued) — 


J 


BIDIRECTIONAL BUS SWITCH _ M6800 CLOCK GENERATOR 


MC6881/MC3449# — For exchanging TTL level digital MC6875 — Provides the non-overlapping two-phase 
information between selected pairs of ports in a clock signals for M6800 MPU systems. 
3-port network. 


Vec 

MPU $1 

‘Reset 

MPU $2 
System Reset 
DMA/Ref Grant 
DMA/Ref Req 
Memory Clock 


#This device may be 


ordered by either of 
the numbers. 


On Oa bh won = 


Select 
(1 or 2) Both types: 


Control Ta =Oto 70°C Votc = 0.3 V Max 
(Direction) Packages: Voue = Vec — 0-3 V Min 


L Suffix — Case 620 a 
P Suffix — Case 648 fop = 2.0 MHz Typ 


MC6881/MC3449 TRUTH TABLE 


[seiect [ontrot [Date Fiow | 

ee ee 

oe Pe ee ee ee 

a a 

“80mal @V9~27V | @ Vy -04V |@Vyn~27 V ee 
Volts Max uA Max uA Max uA Max - 

Pas [200 fae 


X - Don't Care 


Instrumentation Bus 
HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 


Devices for industrial control and data communication. 
MC26S10 — Inverting 
MC26S11 — Non-inverting oe ee 
Quad transceivers. with open-collector drivers and Both éypei: 
PNP-buffered inputs for MOS compatibility. Ta = 0 to 70°C 
, Packages: 


L Suffix -- Case 620 
P Suffix — Case 648 


SC 
Output Output C : loy = 100 mA 08 Volts Max 
Oriver Driver VoH =4.5V 100 ZA Max . 
Input A Vee = OV, 100 UA Max 
Driver ‘ Vou -=4.5V 
zi ; Vin =2.7V 30 wA Max 
Receiver 14] Driver : ; Vin =0.4V -0.54 mA Max 
input BD : : : : 
MC26S10 : 15 ns Max 
MC26S11 . oo: . , 19 ns Max 
Both Types oe ia 15 ns Max 


’ Receiver Receiver 


Receiver 
Output D 


* inverter on MC26S11 only. 
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BUS INTERFACE (continued) 


Instrumentation Bus (continued) 


QUAD INTERFACE TRANSCEIVERS 


These devices are designed.to meet the HP-IB bus 
specification of IEEE Standard 488-1975, for the inter- 
connection of Measurement Apparatus. 


MC3440P — Three drivers with 
common. Enable input; one 
driver without Enable. 


MC3441P — Four drivers with . 
common Enable input. 


MC3443P. — Four drivers with 
common. Enable input; no 
termination resistors. 


Output and 
Termination 
Gnd 


- Receiver 
Output A 


Driver 
inputA 


Driver 
Input B 


Receiver 


Receiver 
Output A 


Bus A 


Driver 
Input A 
Enable 
ABC 


Driver 
Input B 


Bus B 


Receiver 
Output B 


Mc3440P 
MC3441P 
MC3443P 
* “(MC3446P 
MC3448P 


Vee 


Receiver 
Output D 


Bus D 


Driver 
Input O 


Enable D 


Driver 
fnputC 


Bus C 


‘Receiver 


Output C 


Receiver 
Input 

Hysteresis 
mV Min 


-@ lon = 48 mA; 


MC3448P — For common Send-Receive bus; 
bidirectional. ; 5; 


Send/Rec. 
Input A 


Data A 


Bus A 


Pull-Up 
Enable 
Input A-B 


Bus B 
Data B 


Send/Rec. 


All types: 
- Ta =0to 70°C 


Package — Case 648 


Drive : 
Output Voltage ‘Bus. 


- Molts 


2.6 to 3.75: 
- 2:6.t0.3.75 

2.5 to 3.7 

2.5 to 3.7 


Divider Voltage © 


Vcc 


Send/Rec, 
input DO 


' Data D 
Bus D 
Pull-Up 
Enable 

“Input C-D. 
Bus C ; 


Data C 


Send/Rec. — 
input C 


tPHL 
(Driver or 
Receiver) 
- ns Max 
30. 
30 
25(D) 22(R) 
. $0 
35 


A-D/D-A CONVERSION 


Low-cost building blocks for construction of D-A/ processing where necessary to achieve the required 
A-D systems. Involves use of advanced technologies functional capability, operating accuracy and production 
such as ion implantation, laser trimming and CMOS - repeatability. 


ES 


D-A Converters : Multiplying- D-A converters. designed to. supply an 
10-Bit : output current that is a linear product of an analog input 
ee : reference voltage and a digital input word. Devices for 
6-Bit —e| | | . ' 6-, 8- and 10-bit-digital word inputs are available. 
A1 A2 A3 Aa AS AG A7 AB AQ AIO : 


Range 


Control ; i 
on Current Switches Device | Error tSettling | . 


Number |% Max|mW Max| ns Typ 


. Sera0e 7 506* 
a 


Trimming Networks : aer08 | Bit 


, 

Ct } PMCTSOBLET 0 1g [1 [620 
T MC1408L8 | 
. . MC1408L7 170 L,P | 620, 648 

. MC1408L6 
Vret(+) MC3408 [a [620 
: poised = Ba... | MC3610° | O05 [Tt 7690] 
- Amplifier) |Creultry| MC3410 3.8 to 4.2 
MC3410C L,P | 690, 648 


Tp = -55 to 125°C, 
Devices without asterisk: Ta = 0 to 70°C. 


Vee Compen. Gnd 


--- Dotted terminals availabie 
on 6- and 8-bit units only. 


A-D Subsystems 


2-Chip A-D Converter System Functional Diagram 


These devices are relatively complex 


9 16 subsystems. The bipolar, dual-ramp A-D 
re ie converter has up to 4-1/2-digit conversion 
: fo, : ola Reterence capability. The CMOS logic subsystem 


8 specifically adapts the A-D converter toa - 
3-1/2-digit DVM function. 


_ O 
Input 
Gontrot fol 
cs See hes MITT 
eT OO . 
: 6 


Strobe Latches 
D bad 
f Digi tel Digit 
e Output Select 
MC1505/1405 — A-D Converter Mc14435 — Digital Logic 


(See Semiconductor Data Library Vol. 5 for data.) 


mci 4435EFL/EVL* — Ta = -55 to 125°C — Case 620 
MC1505L — Ta =-55 to 125°C — Case 620 MC14435FL/VL* —T,=-40 to 85°C — Case 620 
MC1405L — Ta, = 0 to 70°C — Case 620 MC14435FP/VP* — Ta = -40 to 85°C — Case 648 


Reterence, 
pve a 


4 


Zero 


9) 
Calibration 


Temperature . fo. OL loL 
Linearity Voltage Coefficient cc Pc(quiescent) | © Vop = 5.0 Vi @ Vpp = 5.0 V|@ Vpn = 5.0 V 
Error Reference of Reference 2 @ Vpp = 5.0 V/- (Digit Selects) | (BCD Outputs) | (Ail Outputs) 
% Max Volts %/°C Tg mW Max mA Min. mA Min mA Min 


*MC14435EFL/FL/FP: Vpp = 3.0 to 18 Vde 
MC14435EVL/VL/VP: Vop = 3.0 to 6.0 Vdc 
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| MEMORY INTERFACE | 


‘NMOS Memories to MECL Systems 


MECL 
Input 


The high-speed capabilities of some NMOS memories 
(example: 7001A types) make them desirable for use 
in conjunction with MECL logic for some applications. 
Yet, the positive input requirements of NMOS memories 
are incompatible with the negative voltage levels charac- 
teristic of the MECL family. Hence, level conversion is 
required—for both input and output matching of the 

~NMOS memory. The interface devices below include 
driver/translators to feed the memory inputs and a.sense 
amplifier to match the output. 


DRIVER/TRANSLATORS 


MECL-to-MOS driver/translators convert standard 
MECL 10,000 input signals to.suitable levels for NMOS 


Nereset 


MC75358 |— Dual Clock Line Drivers suitable for driving 


address, control, and timing inputs. 


Ta =-30 to 85°C 
Package — Case 620 


Ta = 0 to 70°C 


Packages: 
L Suffix — Case 632 
P Suffix — Case 646 


Low Voltage 
Driver 
MC10177 | 


Address and Control Lines 


Sense Amplifier MECL 
MC3461 Output 


Clock Line 


High Voltage 
_ Driver 
MC75368 


memory systems. The MC75358 and MC75868 may also 
be used as positive logic NOR or non-inverting gates. 


MC10177L — Triple Line Driver for driving address and 
control inputs. 


inputs A 
Inputs 8 


Maximum Supply Voltage: 


MC75368 = 18 V 
MC75858 = 22 V 


Device | VoH g@/!OH| VoL @ !OL/tDHL & SL 
‘| Number | Volts Min mA | Volts Max mA ins Max pF 
0.1 0.3 10 26 300 


MC7S368|V cco - 0.3 
MC75358/Vcco2 - 0.3 0.1 
15 


SENSE AMPLIFIER 


MC3461L. — Dual Sense Amplifier with MECL 10,000- 
compatible control inputs and complementary, 

‘ open-emitter outputs. Designed for 7001 and 2105 
type NMOS 1K RAMs. 


ITH tpp (Amplifier). tpp (Enable) 
i uA Max ~ ns Max ns Max — 


a 


Ta = 0 to 75°C 


Package - 
Case 620 


Output 
Gnd. 


Output 
1A 


Output 
2A 


Outputs A 
Enable 
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Reference 
Gnd. 


15] Output 
28 
Output 
18 


Ampl. input 
Termination 
(Ry) 
Vec 
(+7.5 Vv) 


MEMORY INTERFACE (continued) 


NMOS Memories to 
TTL Systems | 


The highly capacitive loads represented by NMOS 
memories are, in themselves, incompatible with the drive 
capabilities of conventional TTL logic circuits. So, also, 
are some of the voltage levels.. The devices shown are 
used to match TTL capabilities to various types of popu- 
lar NMOS memories. 


CLOCK AND CHIP 


Address 


Refresh : 
Low Voltage Driver 


TTL Address 
and Controi 
Inputs 


Address and Control Lines 


TTL. 
Data 
inputs 


TTL 
Output 


Clock Lines 


TTL 
_ Clock/Chip 


High Voltage Oriver 
Enable ‘ 


ENABLE LINE DRIVERS 


(High Level) 


, Quad Clock Drivers 
= with Refresh Select 
Logic 


MC3460 
MC3466 
MC3245 


Channel 
Select A 


Refresh 
Select 
Channel 


11] Channel 
Select 8 


Select C 


*MC3245 — no connection; Vppg not required. 


Ta =0to 70°C: 


‘Packages: 
L Suffix — Case 620 
- P Suffix — Case 648 


Device 
: Number: 
MC3460 
MC3466 
MC3245) | Vpp - 0.5 1.0: 


: MC75365 


MC75365 — Quad Clock Driver or 
High-Current NAND Gate 


MMHO0026° 


MMH0026C _ pie Clock Driver 


Ta: . 
MMHO0026. — -55 to 125°C 
MMHO0026C — 0 to 70°C 


Packages 
G Suffix — Case 601 
.L. Suffix — Case 632 
- U Suffix — Case 693 
P1 Suffix — Case 626 (For 
MMHO0026C only) . 


Ta = 0 to 70°C 


Packages: 
L Suffix — Case 620 
-P Suffix ~ Case 648 


Specified for ‘use'with 4K NMOS dynamic 
memories. 


Specified for use with 1K NMOS dynamic 


‘ 


memories (e.g., 7001A types). 
Does not require second high voltage 
supply. Low. input loading. 

| Derives Vc power from TTL 5-V 
supply, and Voc2.and Vce3 from Vsg 
and Vgg supplies from NMOS memories. 


MEMORY INTERFACE (continued) 


NMOS Memories to TTL Systems (continued) 


DATA AND ADDRESS LINE DRIVERS 
(Low Level) 


MC345e2 — Quad Address Line Driver DS3645 H 3 iaech/ MC3232A — Address Multiplexer 
. psze75¢~ Mex 3State “Late and Refresh Counter 
Drivers. Output dump- 


ing resistor on DS3675 


Refresh 
Enable 
Ai 


A? 
A2 


or ora WN = 


Ta =0 to 70°C Ta = 0 to 75°C Ta =0 to 75°C 


Packages: ; : Packages: Packages : 
L Suffix — Case 632 J Suffix — Case 620 . L Suffix — Case 649 
P Suffix —Case 646 N Suffix — Case 648 P Suffix — Case 623 


; ; Propagation 
Device Vo @ Vo @ 
Number Features 


MC3459 rt eae 0,7 80 High fan-out capability. 


DS3645 2.4 A F 500 Extremely low input currents for MOS 

0S3675. 2.5 -1. si F input compatibility. 

MC3232A Multiplexes the 12 address bits to the 6 
i input address pins of 16-pin 4K RAMs 


MEMORY 1/O REGISTERS 
(Hex) 


B Output 

DS3647. — Inverting, 3-State 

DS3677 — Non-inverting, 3-State 

DS36147 — Inverting, Open Collector 

DS36177 — Non-inverting, Open Collector 
These registers, with two I/O ports per bit,.can 
handle bidirectional data, with the direction of 
data controlled by Input Enables. An Expansion 
input disables both A and B outputs to permit 
multiplexing of other registers. 


Ta =O to 70°C 


Packages: . 
J Suffix — Case 620 
N Suffix — Case 648 
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MEMORY INTERFACE (continued) 


Magnetic Memories to TTL Systems| 


SENSE AMPLIFIERS 


. .. for Magnetic Tape Memories 


muUped 


TAPE AMPLIFIER SYSTEM , A two-component preamplifier/amplifier combination | 
that provides the interface between magnetic tape heads 
and digital logic. Suitable for both open reel and car- 


1/3 MC3468 


bu candald Filters | Read tridge tape systems. Triple prearhp has individually ad- 
: ponitities Amplifier justable gain controls. LSI Read Amplifier performs 


peak detection and. threshold detection functions, as 
required for NRZI/phase encoded recording formats. 


Electronic Gain NR2t/o F 
Control Code Select 
MC3467 — Triplé Preamplifier MC3468 — Read Amplifier 


Channel! Select Vv 
j18] Vec (A or B) cc 
_ Threshold Amplifier Threshold Detector 
} InputA Output TO. 
jOuspur Threshold Amplifier Threshold 
{ inverting Input Level Input 
Threshold Amplifier ZCD Output 
input B ; 
EGC Gnd 
Both types: 
= 0, 
TA eto 70°8 Differentiation 
113] EGC : Inputs A 
Packages: Components 
L Suffix — Case 726 . 


P Suffix — Case 701 Gain State 


Output 


Inputs B 
VEE 


. «. for Core Memories 


Feature . adjustable threshold, time and amplitude 
signal discrimination, dual inputs with independent out- 
puts, and a range of options. 
Representative Diagram ; : \ 
(MC5528/29)* 
TEST 


' é TEST 
POINT STROBE OUTPUT OUTPUT STROBE POINT 
Voc A A A 8 B B GND 


Test 
Points 


8 to 22 
mv. 


41 to 19 
mv 


8 to 22 
mv 


Max tpLy © 
CL = 15 pF re 


Packages 


, L Suffix — Case 620 
Reyes RA L Suffix — 
Vee UUtie = CaseB2G te ostix = Casa648 
DIFFERENTIAL REFERENCE DIFFERENTIAL - 
INPUT A INPUT INPUT B 7 


*Pin assignment slightly different for devices 
without test points. 
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MEMORY INTERFACE (continued) 


Magnetic Memories to TTL Systems (continued) 


SENSE AMPLIFIERS (continued) 


... for Plated Wire and Thin-Film Memories . ' 
5 : Inputs nputs 
and other low-level sensing applications. ; Channel C Channei B 


MC1544 — T, = -55 to 125°C ingdes ceaere 
npu 
MC1444 — Ta = 0 to 70°C _* Channel D ee A 
Features 4-channel input with decoded channel 
selection and strobed output capability. . 


Capacitor 


Packages: Strobe 14] Restore 


MC1544 a Input 
L Suffix — Case 620 Channel Ground 
F Suffix — Case 650 Select 

MC1444_—C«. : Inputs 
L Suffix — Case 620 ; 


. Vo VoL 
Device VtH |@ lon = -400 HAIG to, = 10 mA} tpp 
Number mV Volts Min Volts Max ns Max 


H 
MC1544 | 0.5 to 1.5]° 2.4 0.5 
MC1444 | 0.3 to 2.3 2.4 0.5 i 


CORE DRIVER 


MC55325 — T, = -55 to 125°C Source 
MC75325 — Ta = 0 to 70°C _Coltectors 
Contains two source switches and two sink switches. 
Source and sink selection is determined by one of 
two logic inputs, and turn-on is determined by the 
appropriate strobe. 


Strobes 
Packages: 


L Suffix — Case 620 
F Suffix — Case 650 
P Suffix — Case 648 (MC75325 only) 


Vsat loff tpLH | tPLH 
Device | @ Igink OF Isqurce = 600 MA | @ Vec2 = 24 V | (Source) | (Sink) 
Number Volts Max uA Max ns Max | ns Max 


MC&5325 0.70 5 
MC75325 . 0.75 — 
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COMPUTER AND TERMINAL INTERFACE 


LINE DRIVERS AND RECEIVERS 
for Modem/Terminal Applications 


Voltage Mode 


RS-232C SPECIFICATION 
DRIVER ‘RECEIVERS 


dally Iocan oa pcre MC1489° — Quad; 0.25 V input hysteresis. 
MC I498 = Quad: OtpuC Rumen Mitng: MC1489A — Quad; 1.1 V input hysteresis. 


All devices: 
Ta = Oto 70°C 


Package: . 
L Suffix — Case 632 


Response 
Control C 


t 
@Vcc/VeEE = +9.0 V |@ Vcc/VEE = 29.0 V @C, = 15 pF Number | Volts Volts ns Max 
Volts Min Volts Max ns Max MC1489 1.0 to 1.5 0.75 to 1.25 
| 6.0 t6.0t0 12] ~~ 175s] MC14894 | 1.76 t0 2.25 | 0.75 to 1.25 


RS-422/423 SPECIFICATION - 
DRIVER RECEIVER 


MC3487 — Quad; three-state outputs. : MC3486 — Quad; three-state outputs and input hysteresis. 


Channel A 
Outputs 


Channel O 
Outputs Both devices: Output A/C 


Ta =Oto 70°C Controt * 


L Suffix — Case 620 Control 
P Suffix — Case 648 


Channel B 
Outputs 


| Packages: Output B/D 


Channel! C 
Outputs 


teLH/tpHL| |. VTHI(D) 
ns Typ @ Vicm = 27.0 V | Vec = 0 to §.25 V | tpHL/tpLH|tP(Contro!) 


Volts Max 
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COMPUTER AND TERMINAL INTERFACE (continued) 


Differential Current Mode 


DRIVERS RECEIVERS 


MC75110 — Dual; industry standard. MC75107/MC55107 — Dual; active pullup output. 
: MC75108/MC55108 — Dual; open collector output. 


Inhibit 
input i 
Outputs ~~. Outputs 


Veco 1% 12 Veg ODO 2Z  «(2yY 


inputs Output Strobe 
Vee VeéE 2A 28 2Y 2G 


Ta = 0 to 70°C 
{MC75xxx) 
-55 to 125°C 
(MC55xxx) 


Packages: 
L Suffix — Case 632 
P Suffix — Case 646 
(MC75xxx only) 


1A 1B #1C «2 24 28 Gnd 
Logic Inhibit Logic 
tnputs Inputs Inputs 1A 


inputs NC Output Strobe Strobe Gnd 
18 TY 16 Ss 


MC3453 — Quad; common inhibit input; current sink MC3450 — Quad; active pullup outputs; common three- 


approximately 12 mA. state enable. 
MC3452 — Quad; open collector outputs. 


Output A 
2 
Output B 


z [4] 2 All three devices: 


mene Ta = 0 to 70°C 
fy z aia 


Output D Packages: 
L Suffix — Case 620 
P Suffix — Case 648 « 


BOTH DRIVERS ALL RECEIVERS 


19 (off) | tPHL H Ne 
uA Max ns Max Input Vryy | @Vip=05V | @Vip=-20V tPLH . 
mV Max BA Max uA Max ns Max 


{ 
[es] 100. | 
eS, eee oe eel 
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PERIPHERAL INTERFACE 


Dual Drivers 


... for relays, lamps, and other peripherals requiring more power than generally available from logic gates. 


Representative Diagrams 


MC754xx Series MC147x Series MC75450 — Similar to MC75451 , but with uncommitted 


output transistors. 
Sub 
Voc. 2A 2¥ 28 2C 2€ Strate © 


SG 1A 1v 


(MC75451/MC75461) (MC1472) 


All Devices 
Ta = Oto 70°C 


Logic gates vary to provide output shown: Pac kaging: 
Logic Output _ -BVCER MC75450 
1 (Including FOV L Suffix — Case 632 
Tronsitor inversion] gov | _sov__| “asv_| wiz ino | P Suffix — Case 646 
j MC75451 | SN75451B* | MC75461,{ MC1471# ; MC75451 —54 /MC75461 -64 
Mc75452 | SN754528* |. mc75462 | mc1472 P Suffix — Case 626 


MC75453 SN754538* MC75463 MC1473 # U Suffix — Case 693 
MC75454 SN75454B°* MC75464 MC1474# MC1471—74 


*Same as equivalent MC types, but with guaranteed switching limits. P1 Suffix — Case 626 
#To be introduced. ; ; U Suffix — Case 693 


Driver Arrays 


...Seven Darlington transistors with output clamp 
diodes. 


f 


Device - ‘ 
Vax = 50 V 


MC1411 General Purpose Basic I a 
mc14i2 |. 14-25 v Pmos Zener and Series 10.5:kS2 Max = 500 mA 


resistor Ta =Oto 85°C 
MC1413 5 V CMOS or TTL Series 2.7 k{2 resistor 
MC1416 8-18 V MOS Series 10.5 k§2 resistor Packages: 
. L Suffix — Case 620 


P Suffix — Case 648 


Vec Output Ref Line 


Dual Receiver _ | 7 nines 


MC75140P1 — Dual single-ended receiver with common 
strobe and reference inputs for maximizing noise 
immunity. Useful for bus-organized -(party fine) 
TTL systems. , 


Ta = 0 to 70°C 


tPLHIL - 
eI Package — Case 626 


Fev | Geusay | een 


Output Strobe Line Gnd 
1 Input input 1 


5-16 


NUMERIC DISPLAY INTERFACE 


. .. for mating multiplexed LED or gas discharge numeric displays to MOS or TTL logic systems. 


LED Drivers for Common-Cathode Displays 


MC75491 -+ Quad segment driver 


MC75492 — Hex digit driver 


Both Devices: 
Ta = Oto 70°C 


‘Packages: 


L Suffix — Case 632 
P Suffix — Case 646 


i 
@Vv,=10V 
mA Max 


Gas Discharge Drivers _ 


MC3491 


MC3492 
programmable current. 


Programming 


Current Output 1 


Input 1 Output 2 
Output 3 


Output 4 


All Devices: 
Ta = Oto 70°C 


Package: P Suffix — Case 701 


‘Current 
Breakdown Deviation 
‘Device |ON Current] Voltage -|(Al! 8 Outputs) Range 
Number | mA Max Volts Min % Max Volts 


MC3491 80 10 5.0 to 50 
MC3492 80 _ 10 


Output 


5.0 to 50 


Eight segment cathode drivers. with 


Output Voltage 
. Compliance 


MC3490 43 -5.0 Min -2.0 Max 
MC3494 48 -2.0 Max -5.0 Min 
. i 


VoL 
Volts Max 


MC3490 — High Level 
MC3494 — Low Level 
Seven digit anode drivers 


Output 
A 


Output 
B 


Output 
c 
Output 
oO 
Output 
— 
Output 
F 
Output 


*Inverter on MC3494 only. 
Package: P Suffix — Case 648 


Breakdown | Input Voltage {Input Voltage} Input 
Voltage (OF F-State) (ON-State) | Current 
Volts Min - Volts Volts uA Max 


1 


> 
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~ COMMUNICATION INTERFACE (Telephony) 


Crosspoint Switch 


MC3416 — Low-cost solid-state crosspoint’ switch v2 x 
offers important advantages in modern telephone mom Select Cathoce 
exchanges employing space-division switching. Cathode 
Features 4 x 4. two-wire monolithic structure for 22 


Column 


PABX applications. Select inputs are both CMOS Select A 
Column 


and TTL compatible. Select 8 
. Column 


TA =0 to 70°C Select C 


Column 


Packages: Seiect D 
P Suffix — Case 649 Cathode 
L Suffix — Case 623 Zh 


Row Select 


Y 


roff fon BVAK VAK Cathode 
@VaKk=10V | @laK=20 mA] BVKA |@iawk =20mA vt 
MQ Min Ohms Max | Volts Min Volts Max Ancse 


| too tot : 


Voice Encoding/ Decoding ~ 


Simplified voice encoding/decoding using continuous | 
Variable Slope Delta Modulator (CVSD) technique. 


Analog 
Input 


MC3417 — 3-bit algorithm; for military secure commu- ansioo | 


nication applications. Feedback 
H . Py SyHlabic 
MC3418 — 4-bit algorithm; telephone quality. Fitter L 
Gain igita 
Tp = 0 to 70°C* controt L4 aie 
Packages: ee inet Digital 
L Suffix — Case 620 pu Threshold 


P Suffix — Case 648 Filter Coincidence 
Input (-) Output 
*Military temperature range devices (MC3517/18) to be - niles — 
offered in early 1977. Sip tal puraut 


- F Digital 
Sample Rate Total Loop tpp, Clock Trigger Output 
Device Samples/s Offset Voltage | to Output 
Number Typ mV Max us Max 


MC3417 16k +5.0 
MC3418 38 k +2.0 : 
: : Block Diagrams 


CVSD Encoder CVSD Decoder 


Clock 


Digital —Dgital eamitee Slope 
Algorithm 
Comparator Sampler Out In : p li Command 
Algorithm 


ye 
Pulse 
Amplitude 
Integrator 
” Modulator 
(PAM) 


Pulse 
Amplitude 
Integrator Modulator 

: (PAM) 
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Product Preview 


HEX LATCH/DRIVERS FOR MOS MEMORIES 


These latch/drivers are intended to drive capacitive loads up to 
500 pF associated with MOS memory systems. They feature PNP 
buffered inputs for low input loading, Schottky technology for high 
speed, and three-state configuration for bus type operation. 

Fall-through latches are utilized which capture the data in paratlel 
with the output, thereby eliminating the delay encountered in other 
latch circuits. The devices may be used either for the address or 
input/out data lines in MOS memory systems. 

The DS3645 version provides an internal:15 ohm series damping 
resistor on each output, while the DS3675 features a low impedance 
output for use with or without an external resistor. 


Low Input Loading Ensured by PNP Buffered Inputs 
Heavy Drivers for Highly Capacitive Loads | 
Three-State Outputs Permit Multiplying Outputs 
Schottky Technology for High Speed : 


“MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Junction Temperature 
Plastic Package 
Ceramic Package 


TRUTH TABLE 


[ase [S| BS eee | oe 
Enable Disable Input | Operation. 

PoP ata Feed Thru | 
PH Date Feed Thru | 


L 
L 

fete eel, Latched to Data Present 
H 


When Enable Went Low 
oH fl lx High Impedance Output 


L 
This Is advance information and specifications are subject to change without notice. 
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DS3645_ 
DS3675 


HEX THREE-STATE 
LATCH/DRIVERS 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


ORDERING INFORMATION 


Temperature 
Device Range Package 


DS3845N 0 to 70°C Plastic DIP 
DS3645J _ 0 to 70°C 
DS3675N Plastic DIP 


| DS3675J 0 to 70°C Ceramic DIP 


DS3645, DS3675 


ELECTRICAL CHARACTERISTICS eae +5.0 Vde, Ta = 0 to +70°C, typical values 
measured at Ta = 25°C unless otherwise noted. . 


3 
Input: Voltage, Low Logic State 
Input Voltage, High Logic State 


Input Current, Low Logic State 
(Vy, = 0.5 V, Voc = 5.5 V) 
Enable Input 
Data Inputs 


Input Current, High Logic State 
(Vin = 5.5 V, Vcc = 5.5 V) 


Enable Input 
Data inputs 


= 
5 


Input Clamp Voltage 
(Vcc =4.5V, lig =-18 mA) 
Output Voltage, Low Logic State 
(Voc = 4.5 V, lot = 0) 
(Vcc = 4.5 V, loL = 20 mA) DS3645 
0S3675 
Output Voltage, High Logic State 
(Voc = 4.5-V, lor = 0) 
(Vcc = 4.5 V, lon = 1.0 mA) DS3645 
DS3675 
Output Driver Current, Low Logic State 
(Voc = 4.5 V, Vo = 0 V) 
(Add 15 © series resistor on DS3675) 
Output Driver Current, High Logic State 
(Voc = 4.5 V, VQ =4.5V) 
(Add 15 & series resistor on DS3675) 


Maximum Power Supply Current , _” Iecimax) 
~ Wee=5.6V) © 
Minimum Power Supply Current IcC(min) * 
(Vcc =5.5V) - 


SWITCHING CHARACTERISTICS (Add 15 & series resistor on DS3675 version. 
Voc = 5.0 V, Ta = 25°C, unless otherwise noted.) 


Propagation Delay Time, Data Input to Output 
(CL = 50 pF) 
(C\, = 250 pF) 
(CL = 500 pF) 


(C\, = 50 pF) 
(CL = 250 pF) 
_ (CL = 00 pF) 


Setup Tipe on Date Inputs Before Input Enable Goes Low ie (ESS ER 
Hold Time on Data Inputs After input Enable Goes Low ee a a OS 


Propagation Delay Time, Disable input to Output 
High Impedance to Logic Low 
(Cy = 50 pF, RL = 2 kQ to Vcc) 
High Impedance to Logic High 
(Cy = 50-pF, Ry = 2 kQ to Gnd) 
Logic Low to High Impedance 
(Cy = 50 pF, Ry = 400 2 to Vcc) 
Logic High to High. Impedance 
(C, = 50 pF, RL = 400 2 to Gnd) 


cc) MOTOROLA Semiconductor Products inc. 
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DS3645, DS3675. 


SWITCHING TIMES WAVEFORMS AND CIRCUITS 


FIGURE 1 — DATA INPUT TO OUTPUT 


, : To Scope — To Scope 

ay (Input) (Output) 
Data : 
Input Date Output 

04V 

Pulse 
Generator (os3675| : 
tPHL tPLH only) = 
Vou 
2.2V 
Output 
Yo. ———_——_ =a 
FIGURE 2 — HIGH IMPEDANCE TO OUTPUT LEVEL 

3.0 V 
Disable 

Input To Scope To Scope 

(input): (Output) Vcc 


O.4Vv 


Disable Output 


Pulse Low 
50 pF 
Generator P = 


Output 
(Low) 


tPZH 


Output 
(High) 


FIGURE 3 — LOGIC LEVEL TO HIGH IMPEDANCE 


3.0 V 
Disable To Scope To Scope ‘ 
Input (Input) (Output) Vec 
0.4 V _ * j . 
‘ Disable High 
Pulse bs Gea 
Generator a 3 


Output 
(High) 


Output 
(Low) 


; @®) MOTOROLA Semiconductor Products Inc. 
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.| DS3677 


reat Product Preview 


QUAD THREE-STATE MOS MEMORY I/O REGISTERS | 


These 4-bit bidirectional I/O buffer registers are well suited for 
MOS memory systems. They ail employ Schottky technology for 
high speed fali-through latches which capture data in parallel! with 
the output, and PNP buffered inputs for low input loading and MOS 
campatatibility. 

The DS3647 and DS3677 feature three-state logic on the B nodes 
while the DS36147 and DS36177 use open-collector nodes. All 
types have three-state logic on the A nodes. Data flowing from node 
A to B is inverted on the DS3647 and DS36147 and not inverted on 
the remaining types. 

The architecture of these registers with two pins per bit allows 
them to handle both input and output data. Direction of flow is 

‘controlied by the Input Enables. The latch control causes the 
register to hold the data present at the time Latch is taken low and 
to display the data at the outputs. Data can be latched into the 
register without regard to the condition of the Output Disable or 
Expansion Inputs. The Output Disables may be used to take either 
or both outputs to the high impedance state (B node on DS3647 and 
DS3677 version only). The Expansion Input disables both A and B 
outputs to permit multiplexing other registers. ; 


Schottky Technology for High Speed — 15 ns (Typ) 

Fall-Through Latches for Minimum Delay 
- PNP Buffered Input’ for Low Input Loading 

Choice of Inverting or Non-Inverting Version 

Bidirectional Data Flow 


Provisions for Easy Expansion 


Choice of Either Three-State or Open-Collector Line Driver 
Type Output (B) : 


EQUIVALENT LOGIC (% of Device Shown) | 


> 


Oo 9 O 0 Expansion . ‘ 
Input Input Output Disable 
Enable Enable B 

: A |= : 

Device 


DS3647 


NOTES: 


1) Inverting for 0S36147 and DS3647 onty 
2) Open Collector Output for DS36147 and 
0S36177 - 


' Inverting — Three State 
Noninverting — Three State 
inverting — Open Collector 
Noninverting — Open Coliector 


0S36147 
0S36177 


This is advance information and specifications are subject to change without notice. 
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DS3647,DS36147 
DS3677,DS36177 


QUAD THREE-STATE 
MOS MEMORY 1/0 REGISTERS 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT — 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620 


_ . NSUFFIX 
PLASTIC PACKAGE 
CASE 648 


.PIN CONNECTIONS 


Output 
Disable B 


. ORDERING INFORMATION : 
' Temperature Range — (Ail Types) 0 to +70°C 
DS3647N, DS3677N Plastic DIP 


DS36147N, DS36177N Plastic DIP 
DS3647J, DS3677J Ceramic DIP 


. DS36147J, DS361775 Ceramic DIP 


- 


DS3647, DS3677, DS36147, DS36177 | 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted). 


es une] 
Input Voltage -1.5 to +7.0 
_[Loperating Ambient Temperature | ta] ow#70 | °c _| 
Storage Temperature | Tstg -50 to +150 


Voc 
TA 
Junction Temperature Ty 
Ceramic Package 3 175 
Plastic Package 150 


Value 


de . 

dc 
°C 

Cc 
% 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Ta = 0 to +70°C, typical values at T , = 25°C unless otherwise noted.) 


Characteristic 


input Voltage — Low Logic State 
Input Voltage — High Logic State 


input Current — Low Logic State 
(Vcc = 5.5 V, Vit = 9.5 V) 
-Latch, Disable Inputs 
Data Pins (A or B) 
Enable Inputs 
Input Current — High Logic State 
(Veco = 5.5 V, Vin = 5.5 Vv) 
-: Latch, Disable Inputs 
Data Pins (A or B) 
Enable. Inputs 


Input Clamp Voltage Vic 
; (Veco = 4.5 V, lic =-18 mA) 
Output Voltage. — Low Logic State : 
A Port 
(Vec = 4.5 V, lot = 20 mA) 
B Port 
(Vcc = 4.5 V, lot =. 100 mA} 
Output Voltage — High Logic State 
A Port : 
(Voc = 4.5 V, lop = -1.0 mA) 
B Port ; . 
(Vec = 4.5 V, Ioy = -5.2: mA) DS3647, DS3677 only 


- | Power Supply Current 
(Voc = 5.5 V) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C) 


Propagation Delay Time —A to Bor BtoA 
(C_ = 50 pF) 


Propagation Delay Time — Disable to A or B Output 
(CL = 50 pF, RL = 390 & to Voc) DS3647, DS3677 only 
(C= 50 pF, Ry = 390 2 to Gnd). DS3647, DS3677 only 
(CL = 50 pF, RL. = 2.0 k to Vcc) DS3647, DS3677 only 
(C_ = 50 pF, Ry = 2.0 k to Gnd) DS3647, DS3677 only 


Setup Time of Data Input Before Latch Goes Low ; 
Hold Time of Data Input After Latch Goes Low - 


@®) MOTOROLA Semiconductor Products Inc. 
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DS3647, DS3677, DS36147, DS36177 


TRUTH TABLE 


input Enables Output Disables 
EL PATE | Expansion B84 
H 


Data Input A, Output B 
Data Input.B, Output A 
Data stored which is present when Latch 


went low 


Data stored which is present when Latch 
went low 
Both A and B Hi-2 
Data Input on A, may be latched. 
Both A and B Hi-Z 
Data Input on B, may be latched 
Both A and B Hi-Z 


H = High Logic State NOTES: 
L= how: Lame State 1) Hi-Z on DS3647 and DS3677 Three-State types only. 

X = Don't Care Aeint: 2) Data may be Latched into the register independent of the 
2 = High Impedance "Third" State Output Disables or Expansion. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 
can tolerate at a given operating ambient temperature, can currents at the worst case operating condition. 
be found from the equation: 


p TJ (max) -TA 
D(Ta) = 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 


We _ RoJA(T yp) TaA= Maximum Desired Operating Ambient 
Where: Pp(T,) = Power Dissipation allowable at a given Temperature. 


Rg JA(Typ) = Typical Thermal Resistance Junction to 


operating. ambient temperature. This must be greater than - : 
; : . Ambient 
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DS8641 


QUAD UNIFIED BUS 
TRANSCEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


QUAD UNIFIED TRANSCEIVER 


Consists of four pair of drivers and receivers with the output of 
each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employing terminated 120 Q lines. A disable function con- 
sisting of a two-input NOR gate is provided to control all four 
drivers. Up to 27 driver/receiver pairs can share a common line. 


Receiver Input Threshold ls Not Affected by Temperature 


Open Collector Driver Outputs Allow Wire-OR 


TTL Compatible Receiver Outputs and Disable and Driver Inputs 


Driver Propagation Delay = 15 ns 

Receiver Propagation Delay = 20 ns JSUFFIX 

CERAMIC PACKAGE | 
CASE 620 


Guaranteed Minimum Bus Noise immunity = 0.6 V 


Low Bus Terminal Current (Supply On or Off) = 30 us typ 


FIGURE 1 — TYPICAL APPLICATION 


1202 Data Bus 


oe aa 


1/4 1/4 
0S$8641 0S8641 


_ NSUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


To Computer or Peripherals 


TRUTH TABLES 
DRIVER SECTION 


RECEIVER SECTION 
Disable 1] Disable 2 
[aie | Over | 
VIH(R) 2 7V L 
ViL(R) <1.3V H 


Where: L = Low Logic State 
H =-High Logic State 


Output 3] 3 Input 1 


4 ae Output 1 


rerzazez(f 


MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) , ' | Oisable B ay 


ORDERING INFORMATION 


Input and Output Voitage : ; Vo. VI 5.5 | 
Junction Temperature Plastic Tye 150 * 0¢ 
Ceramic 175 Temperature 
Range Package 
Ta 3 
| 
0) 


Operating Ambient. Temperature Range ' | Ta | Oto +70. | : 


Storage Temperature Range : -65 to +150 


This is advance information and specifications are subject to change without notice. i 
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply forO< Ta < 70°C and 4.75 S Vcc S 5.25 V.) 
Characteristic Symbol Typ 


Disable Input Voltage — High Logic State VIH(DA) 
Disable Input Voltage — Low Logic State : ViL(DA) 
Driver Input Voltage — High Logic State ViH(D) 


Driver Input Voltage — Low Lagic State ViL(D) 
— VILHIR) 1.70 


2 


° 


2.0 


Receiver !nput Threshold Voltage — High Logic State 
(ViL(D) = 0.8 V, loL(R) = 16 MA, VoL(R) S0.4 V) 
Receiver Input Threshold Voltage — Low Logic State 
(VIL(D) = 0-8 V, !OHIR) = ~400 WA, VOH(R) 2 2.4 V) 
Disable Input Current — High Logic State 
(VIH(D) = 2-4V; VIH(DA) = 2.4 V) 
(VIH(D) = 9.5 V, ViH(DA) = 5.5 V) 


VIHLIR) 50 1.30 


NH(DA) 


Driver Input Current — High Logic State 
(VIH(DA) = 2.4; ViH(D) = 2.4 V) 
(ViH(DA) = 5.5 V, ViH(D) = 5.5-V) 
Disable Input Current — Low Logic State 
AVIL(DA) = 9.4 V, VIL(D) = 9.4 Vv) 
-Driver Input Current — Low Logic State 
(ViL(D) = 0.4 V, VIL(DA) = 0.4 V) 
Bus Current. 
(VIL(DA) = 0.8 V, ViL(D) = 9.8, ViH(BUS) = 4.0 V) 
(Vcc = 5.25 V) 
(Vec = OV) 
Bus Voltage — Low Logic State 
(ViL(DA) = 0.8 V, ViH(p) = 2.0 V, Igus = 50 mA) 
Receiver Output Voltage — High Logic State 
(ViL(DA) = 0.8 V, ViL(D) = 08 V, ViL(Bus) = 0.5 V, 
lOH(R) = -400 nA) 
Receiver Output Voltage — Low Logic State 


VOHIR) 2.4 
VOL(R) 
(VIL(DA) = 0.8 V, Vit(D) = 0.8 V, ViH(BuUs) = 4.0V, 
lOL(R} = 16MA) 
Receiver Output Short Circuit Current los(R) 
(Vit(DA) = 9.8 V, ViL(D) = 0.8 V, ViL (Bus) = 0.5 V, 
Vec = 5.25 V) \ 


Power Supply Current : icc 
(ViL(DA) = 9 V, ViH(D) = 2.0 V) 
Input Clamp Diode Voltage- 


(DA) = 11(D) = IBus = -12 mA) 


HHI(D) 


NNL(DA) 


igus 
f 


~ 
ai . 3 3 


a} 
EZE 


20 100 
100 


N 
fo} 


j=) 


25 


-55 


0 


! io) 
E 

3 

> 


E 


SWITCHING CHARACTERISTICS (Ta = 25°C, Vgc = 5.0 V unless otherwise noted.) 


Characteristic _ : Symbol 


Propagation Delay Time from Disable Input to tpLH(DA} 
High Logic Level Output : ne 
*PHL(DA) 
' Propagation Delay Time from Driver Input to tPLH(D) 
High Logic Level Output = i 
Progpgation Delay Time from Drive Input to - ‘ tPHL(D) 
low Logic. Level Output 4 
Propagation Delay Time from Bus input to / tPLH(R) 
High Logic Level Output ; Pi sae 


p U 


‘ 
< 


= 
Ke} 
ies) 
o 


Propagation Delay Time from Disable Input to 
Low Logic Level Output 


sap ss 
ala . 
= rm} oN 
ay) oF W 
= 


N 
oO 
es) 
oO 


= 

fee) 

Ww 
ER 


Propagation Delay. Time from Bus !nput to 1PH LIR) 
Low Logic Level Output 
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FIGURE 2 — ORIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS 


To Scope To Scope 3V 
(Input) (Output) Disable 
Input 
(DA) OV 
VOH 
Output 
VOL 
TPLH(DA) 
Pulse 
Generator 
3V 
7 Driver 
Disable | 1/4 Ds8641 Input 
Np uts . (D) ov 
200. 
VOH 
Output 
Vor 
= 'PHL(D) 
FIGURE 3 ~ RECEIVER TEST CIRCUIT AND WAVEFORM 
To Scope To Scope 
(Input) (Output) +5.0V 
’ 3v 
Driver Receiver input 
Output (R) 
Input ov 
Vou 
Pulse 1N916 or Outsut 
Generator Equiv P 15V 
z Vv 
15 pF OL 
: tTPHL(R) 
Oisable 


Inputs = a 


REPRESENTATIVE CIRCUIT SCHEMATIC 


(1/4 Shown) 
O Bus 
Vec oO 
Driver Rig - 
Input 


Inputs 


[asa] Receiver 
Output 
Oisable ca i : 
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tPHLI(DA) 


ORDERING INFORMATION . 
Device Temperature Range Package 
un 
MC1405L 0°C to +70°C Ceramic DIP MC 1 4 0 5 L 
MC1505L —55°C to +125°C Ceramic DIP 


MC1505L 


DUAL RAMP A/D CONVERTER SUBSYSTEM 


The MC1505/MC1405 is intended to perform the dual ramp function for ANALOG-TO-DIGITAL 
either a 3-1/2 or 4-1/2 digit DVM or use as a general-purpose analog-to-digital 
_ (A/D) converter. It can be combined with the McMOS MC14435 logic system CONVERTER SUBSYSTEM 
to produce the complete 3-1/2 digit DVM function. 
The MC1505 uses the proven dual-ramp A/D conversion technique. The | - SILICON MONOLITHIC 
subsystem consists of an on-chip voltage reference, a pair of voltage/current INTEGRATED CIRCUIT 
converters, an integrator, a comparator, a current switch and associated con- 
trol and calibration circuitry. Only one capacitor and two calibration 
potentiometers are required for normal operation. : 


@ Accuracies to 13 Bits 
Low. Power Consumption: 42 mW @ +5.0 V | 
Single Power Supply Operation — +5.0 V to +15 V . 
Low Power Supply and Temperature Sensitivity © oa 
Digital Inputs and Outputs Compatible with Both MTTL and 


McMOS 
Accepts Either Positive or Negative Input Voltages y (top view) 


Combines with MC 14435 to Produce 3-1/2 Digit A/D Converter 


FIGURE 1 — COMPLETE A/D CONVERTER SYSTEM 


Full Scale '+5.0 to +15 V 
Calibration integrator 


MC1505 Anatog MC14435 Digital Oigit 


Subsystem é or Equiv. Subsystem Select 
Amplifiers Comparator Clock - 
Reference — Controt Logic BCD 
Switch Ramp Control Counters Output 
Integrator emp, Lontra! Latches 
Comparator Multiplexer ust 
Ve oe CASE 620 


CERAMIC PACKAGE 


Ed 


Zero Adjust Display Overrange 
Update 


FIGURE 2 — PIN CONNECTIONS AND FUNCTIONAL DIAGRAM (as used in Figure 1) 


Full 
Scate 
Cali- 


bration e = 
ip y 
ee 
corer 8 7 : eset 


R. Counters 
amp Input 

Control Converter 

~ Analog 


Strobe Latches 
Multiplex 


Digital Digit 
Output Select 


-_TYPICAL APPLICATIONS 


BCD A/D Converter: 2-1/2 to 4-1/2 Digits (LSI or MSI Logic} : Other Uses: 
. Panel Meters : : ; Data Acquisition Systems with Remote MC1505 
Digital Voltmeters . Voltage to Frequency Conversion 
Portable Instruments ; ; : Delta Modulation and Signal Generation 
Industrial Measurement and Control 


Binary A/D Converter: 8-to-13 Bits (LSI or MSI Eagle): 
Industrial Measurement and Control 
High Noise Environments (Integrating Converter with MTTL, MATL, and | MeMOS Compatibility) 


MC1405, MC1505 


MAXIMUM RATINGS 


Unknown Input Voltage Range — 


V2 


Zero Calibration Control Pin Voltage : 


Power Dissipation (Package Limitation) Ceramic Dual In-Line Package 
Derate above Tq =.+25°C 

Operating Ambient Temperature Range 
MC1505L 
MC1405L 


Storage Temperature Range 


-55 to +125 
0 to +70 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, VR = 1.000 Vde, V1 = 2.000 Vde, V2 = 0.000 Vde, V10 > 2.0 Vde, 
Ta = 25°C unless otherwise noted.) - 


[Pmcisos cas 
rs ne ce 


A/D CONVERSION SYSTEM (1) : ; 
Bi eal ia Wl Real ie Hae 
Line through Zero and Full Scale (2) 11° 
[esmeratiisy [= [> = [= [ee [= = ae] 
(PSS of IR-(Ix + 19), V1= 1.0 V) 
| 0.001 _ | 


Zero Calibration Power Supply Sensitivity - 
(V1=V2=0V) \ 
0.0006 |} 0.0018 
0.0005 


%F .S./% 


%lmV 


Input Common Mode Sensitivity |CMS!x| 


(Vx =-2.0 V, Vom = V2 is varied) 
-%1°C 
0.0005 


VOLTAGE REFERENCE 
Reference Voltage Temperature Drift 
REFERENCE CURRENT CONVERTER 


| ReferenceCurrent TR 
Input Bias Current | 4 | 


Input Range of VR 
Input Offset Voltage (V14-V15) \Vrel 


INPUT CURRENT CONVERTER 


ss 
a 
wn 
— 
i) 
oO 


3 


< = 
slaps 


3 


Unknown Current 


Linput Resistance TR 


Input Bias Currents atte | 


Input Offset Voltage (V13-V3) IVxx] 


RAMP OFFSET SOURCE 


Ramp Offset Current : | lo | 


(1) System parameters measured using external voltage reference, independent of V11 = VR_F. 
Integrator Capacitor = 2.0 uF 
Clock Frequency = 30 kHz 
Vec=i18V 


(2) Does not include quanitizing error. See Figure 11 for calibration. 


3,10,1 


nN 


3 


- 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Vp = 1.000 Vde, V1 = 2.000 Vdc, V2 =.0.000 Vde, V10 2 2.0 Vdc, 
Ta = 25°C unless otherwise noted.) - 


CURRENT SWITCH 
Digital Input Logic Levels, Pin 10 
Vin 3,18 
VIL 3,18 
NH a a eae aa 


High Level, Logic ‘‘1"’ 
Low Level, Logic “‘0" 
Digital tnput Current 

High Level, Logic 1" 
Low Level, Logic ‘0’ 


INTEGRATOR 


Input Bias Current 


-}Output Voltage Swing 

High 
Low 

COMPARATOR 

Output Logic Levels, Pin 9 
High Level, Logic ‘'1’’ fi . 
Low Leve, Logic 0" TA =Tiowt© Thigh 

(Sink Current = 1.6 mA) 


Power Supply Current 
(Voc = +5.0 Vde) 
(Voc = +15.0 Vde} 


Power Dissipation 
(Voc = +5.0 Vde) 
(Vcc = +15.0 Vde) 


Tlow = -55°C for MC1505L, 0°C for MC1405L 
Thigh= +125°C for MC1505L, +70°C for MC1405L 


FIGURE 3 — STANDARD TEST CONFIGURATION 


Vee . 1.000 V VreF Vec 

'R» VOL 

22Vv 
Mie = Vec-VoL 
im Z 1.6mA 
2.000 v 1 
<08v Mc1505 VOoH 
'x» VOH 0.1 VoL 


Note: A test for functional 
parts may be performed 


Note: Alf de supplies 
using a pulse generator on 


bypassed with 0.1 uF. 


Pin 10. 
\ 
FIGURE 4—Ig MEASUREMENT = FIGURE 5 — 16 MEASUREMENT 
Vec 1.000 V 1.8V Veo 1.000V 2.0V, 
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GENERAL INFORMATION 


Dual Ramp Analog-to-Digital Conversion 


The dual ramp method of A/D conversion is a proven 
system which is capable of very high accuracy. The con- 
version is an integrating process which offers high noise 
rejection and immunity to changes in the clock rate and 
integrator capacitor value. The particular method used in 
the MC1505 is a noniterating dual slope technique which 
produces an accurate result after one-conversion period. 

Dual ramp conversion is accomplished with the system 
of Figure 2. The conversion begins at time t1, when current 
tx causes the integrator output, or ramp, to cross the 
comparator threshold, as shown in Figure 6. The clock is 
activated and the counters begin counting from zero. The 
system counts for a fixed period T, with a ramp slope 
which depends on the input voltage, i.e., a steep slope is 
caused by a high input voltage. When the counters have 
reached full scale, the overflow count triggers a + 2 flip- 
flop which changes the ramp control polarity current..1R 


A/D Subsystem Circuit Description 


The MC1505 incorporates special circuit features which 
allow all the analog functions of the dual ramp system to 
be performed on a single monolithic chip using standard 
bipolar processing. 

Voltage-to-current conversion for both the input and 
reference voltages allows the use of a high-speed current 
switch and single supply operation. The unbuffered dif- 
ferential inputs have sufficiently high input impedance for 
power supply monitoring applications, and provide flexi- 
bility for other input formats since they will accept either 
positive or negative voltages. 

The voltage reference, shown in Figure 7, is one of the 
six basic circuits in the subsystem. It provides a low im- 
pedance output which has excellent temperature stability, 
and high power supply’ rejection. Biasing for the other 
circuits in the MC1505 is derived from the voltage 
reference circuitry. 


FIGURE 6 — DUAL RAMP A/D CONVERSION WAVEFORMS 


IR 


a (Constant Slope) 


Integrator | 


t 
}~«——— T2(max) 


Comparator 


Ramp 
Control 


now controls the integrator and the down ramp begins at 
t2. This ramp continues at a fixed slope for a time period 
which depends on the amplitude achieved by the up ramp. 
Thus T2 is determined by the input voltage. When the 
ramp crosses the comparator threshold. at t3, the clock 
stops and the counter holds a digital value which is pro- 
portional to the unknown input voltage. 

After the down ramp crosses the comparator threshold, 
a timing sequence in the digital section strobes the latches 
to. store the data, resets the counters, and reverses the 
ramp at t4 to begin a new conversign. 

Since the voltage change across the capacitor is equal 


on the up and down ramps, an equal amount of charge is 


exchanged. The equations of Figure 6 show that the 
system output is the ratio of the unknown and reference 
currents, and long term changes in the clock rate and 
integrator capacitor do not effect the reading, 
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\ 


AV on capacitor is equal in T1 and T2 
t2 t3 


1 
=f lx aol {RQ dt 
t1 t2 


Where |x is opposite Im polarity. 
Ix T1= IR T2 

Since |x and ! are proprotional to Vx and Vr, 
Vx T1=VRT2_ 


: Vig 
T2=T1 Va 


T2 corresponds to the number of counts in the 
output digital word. 


T1 and T2 are derivedfrom the clock, so their 
ratio is independent of clock frequency. 


The same basic amplifier circuit is used in both the 


“reference and input voltage-to-current converters. It is an 


extremely well balanced amplifier with low input offset 
voltage temperature drift. The reference converter uses a 
pair of PNP transistors to derive current Ip, in conjunction 
with a reference resistor which has the same temperature 
coefficient as those used in the input converter. The value 
of the reference current is VR/R5. The collectors of 
transistors 01, Q2 and Q3 in Figure 7 all track with a two 
diode temperature coefficient, which assures constant 
current ratios. 

_ The reference resistor value can vary by 30% of 4.0 
kg due to process variations. Moreover, these variations 
will also affect the input bridge resistors. Thus, the ratio 
of reference to unknown current has a close tolerance ir 
a wide range of resistor values, 


C1405, MC1505 


The input voltage-to-current converter is a bridge or 
bilateral current source whose output current is Vx/R11. If 
the bridge is perfectly balanced, its output impedance and 
common mode rejection are infinite. However, the design 
has the ability to tolerate bridge mismatches of approxi- 
mately 0.5%. In order to tolerate this mismatch, the 


‘ output of the bridge current source is connected to the 


current switch which is a low temperature coefficient, low 
impedance source of 1.25 volts. This technique effectively 
eliminates output current changes due to finite output 
impedance which is caused by. resistor mismatch. This 
input current converter makes possible the use of a single 


‘supply voltage and differential inputs which can be used at 


or below ground potential. 

An important feature of the MC1505 is the ramp offset 
current source which is added to the unknown current and 
does not allow ‘the ramp to reach zero slope when the 
input voltage is zero. The ramp range is shown in Figure 8. 
The ramp offset current has a value of IpR/10, so that the 
minimum ramp slope is 5% of the full scale slope. This 


allows reliable conversion at low input voltages by assuring 


a nearly constant comparator propagation delay and a 
good ramp signal-to-noise ratio. It also prevents turn-off 


of the diode in the current switch at low levels, re- 
stricting the voltage change at the output of the resistor 
bridge. Still another feature is that it. provides a con- 
venient temperature compensated zero adjust which can 
correct errors in the resistor bridge and input buffer 
amplifiers when they are used. The ramp offset current is 
compensated by 100 extra counts in the digital logic 
during ramp down, so it does not appear in the digital 
output (see Figure 8). ; 

The current switch uses current steering for very high 
speed operation. A smooth transition occurs as one current 
is turned on while the other is turned off. This minimizes 
error during the ramp reversal at its peak, especially since 
the reference current source has a very high output im- 
pedance and does not change value when switched. The 
settling time of the input current converter is not a factor 
in system accuracy. At the ramp peak, Ix is turned off, so 
the amplifier settles after the unknown current is de- 
coupled from the integrator. When the ramp is below the 
comparator threshold, the unknown: current is switched on 
and thus the current can settle before the ramp enters the 
active conversion range. The switch operates into a voltage 
of 1.95 volts and is translated by a follower so its input 


FIGURE 7 — A/D CONVERTER ANALOG SUBSYSTEM 
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Input V_ 
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Test . 
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MC1405, MC 1505 


FIGURE 8 — MC1505 SYSTEM TIMING DIAGRAM 
(2.0 Volt Full Scale Input) 


'x(max) * !o 


\ 


Ix t+ lo 


Integrator 


T1 
1000 Counts 


TO 


100 Counts 
t2 


t1 


Comparator | | 


Ramp 
Control 


(x +19) T1= tpg (T2+ TO) 


threshold is 1.25 volts. : 

The integrator is a single. stage, wide bandwidth ampli- 
fier. Its low propagation delay and low output impedance 
minimize ramp spikes due to output current reversal during 
ramp turn-around. The input bias current is typically one 
part in 50,000 of the full scale current, so that its temper- 
- ature change contributes negligible error. Gain and input 


offset voltage are not critical since the integrator is driven | 


from current sources. 

The comparator is designed for low hysteresis by 
maintaining a constant power dissipation regardless of. 
output state. This hysteresis is typically 0.1 mV and 
remains constant with temperature variations, so that no 
- measurable system error-is contributed. Temperature vari- 


IR 


Ko (Constant Slope) lo= 1X (max) 


20 


Iq corresponds to ramp . 
slope when | = 0. 


a 
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T2(max) 
2000 Counts 


t3 t4 


ations in the value of the comparator threshold are not an 
error factor, since the only requirement is that the 
threshold remain constant during a given conversion cycle, 
Voltage gain of the comparator is 2,000,000 when driving: 


“CMOS, and 40,000 with one TTL load. The comparator 


output is slew rate controlled to provide output rise and 
fall times of approximately 80 ns. This minimizes noise 
generation which could affect system stability. 

The system is zeroed and full scale calibrated by 
potentiometers which provide temperature compensation. 
All the other resistors are diffused in close proximity, 
yielding reference and unknown currents which have a 
closely tracking resistive temperature coefficient. 


MC1405, MC1505 


APPLICATIONS INFORMATION 


The input configurations for the MC1505 are shown 
in Figure 10. Note that the differential input voltage must 
always remain the same polarity with Pin 1 positive with 
respect to Pin 2. Figures 10 and 12 will aid in the under- 
standing of the input circuitry. 

The input common mode rejection of the MC1505 is 
high enough to maintain rated accuracy with small changes 
in common mode voltage, such as would be seen with 
ground errors and noise. The system must be recalibrated, 
however, for larger changes in common mode input 

voltage. 

’ The MC1505 is arranged so that Ix = IR when 
Vx = VR, or so that the ramp slopes are equal for input 
and reference voltages of 1 volt. As shown in Figure 8, a 
system: with a 2 volt full-scale input requires twice as 
many digital counts during T2 as for T1. A system with a 
1 volt full scale would require an equal number of counts 
in T1 and T2. Figure 9 illustrates a 3-1/2 digit system, 
but typical accuracies of the MC1505 allow its use in 4 
digit applications. It can also be used in systems which 
require 4-1/2 digit resolution. 


The ramp offset current and 100 count delay are shown | 


in Figure 8. In certain applications, a different number of 
counts may be used. The system will not always operate 
properly, however, with a 10 count delay since the ramp 
offset current is used to zero the system and compensate 


“for error in the input resistor bridge. This error, known as 
“IxoO, is current which flows to or from the input con- 


verter with zero volts applied to.the input. !t is typically 
between +5.0 uA, which is 1% of full scale in a 2 volt 
system. A 10 count delay would need a 0.5% ramp offset 
current, which would not always be able to cancel this 
error. Also, a 10 count delay does not provide enough 
signal-to-noise margin for consistently accurate low-level 
conversion. 

The integrating capacitor is chosen with the equations 
shown in Figure 9. The maximum ramp voltage should 
be used for best signal-to-noise ratio, but temperature 
changes in !x, IR and the capacitor should be anticipated 
to prevent integrator saturation. Variations in clock fre- 
quency should also be considered. A non-polar capacitor 
with low dielectric absorption should be used for highest 
accuracy. en 

The lower half of the diode current switch is split with 
separate diodes for |x and Io. In most applications Pins 
12 and 13 will be connected so that the two device 
emitters are effectively one, since the main purpose of 
these pins is for testing. Connecting these pins allows 
proper system zero adjustment and prevents turn-off of 
the switch diode with low unknown current levels. This 
yields better conversion accuracy. 


FIGURE 9a - ACCURACY TEST 
3-1/2 Digit Panel Meter 
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10. eee Equi 
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10k 


eT Ae Bee te ak 4 Vss ~ 
Integrator Capacitor Zero Calibration 


T1 o 
CI 'ximax) a7 Overrange 


Where 11 = duration of initial ramp DS3 LSD 


= (ng. counts) (clock period) 


AV7 = ramp amplitude 
= V7(max) — VrH(7) 


See Electrical Characteristics Table 


VTH(7) istypically 1.0 V 


0$1 MSD 


*Optional Clamp diode on Pin 13, 
may be neéded for recovery from 
.V7 (max) is typically Vcc -2.0V negative differential inputs. 


Common Cathode 
Voo : LED Displays 


Decoder/ 
Oriver 


GE-S 


FIGURE 9b — McMOS DIGITAL SUBSYSTEM 
3-1/2 Digit BCD A/D Converter 


Ramp Contro! 
MC1505 Pin 10 


— 
2 Volt Full-Scale Input 
100 Count Delay 
Dd V2 O—4D 1/2 
MC14013_ MC14013 
Cc Q Cc a 
en 
Comparator 
Input 
MC1505 Pin 9 
: O RR 
—_ 
MC14518 
MC1 4024 
eNO FY YOR 
gc gd0.00d0 
Db Q 
1/2 
MC14013 
c = 
Q 
Vpp rel 
MC14519 ’ 
z 1/2 
Ce MC14013 
NOTES: 


1. NOR Gates — MC14001 or equiv. 
Inverters — MC14049 or equiv. 

NAND Gates — MC14011 or equiv. 

2. The clock period should be greater than 
twice the worst case ripple delay through 
the counters to achieve full accuracy. Digit Select 

: Outputs 


BCD-10 
BCD-20 
BCD-40 
BCD-80 


Di D2 DS Multiplexed BCD Data R 1/2 
MSD LSD Outputs Update 


GOGLOIN ‘SOVLOIN 


- MC1405, MC1505 


_ FIGURE 9c — FUNCTIONAL DIAGRAM OF 
MC14435 McMOS DIGITAL SUBSYSTEM 


3 


C1.0 
4 Clock 
c2 O————— 


Display 6 
Update O 
(DU) 


Comparator 5 
(Comp) O 


Pe 7 Overrange 
(OR) 


> : 2 Ramp Control 


SS 10 1/2 Digit 
(W2D) 
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FIGURE 10 — ANALOG INPUT RANGE 


The input circuit for the MC1505 has a unipolar differential 
input range of +2 volts and a bipolar common mode input range 
of +1.5 voits. ; 


Positive Input: 


Vx =V1-V2 Vx Range 0 to +2.0 V 
Vom= V2 Vom Range +1.5 V 


3.5 
0.5 V 
1.5V 

-1.5V 


Vx =2.0V 


Vom = +1.5:Vv 


Negative Input: 
Vx=V1-V2 Vx Range Oto +2.0V 
Vem= V1 Vem Range +1.5 V 


Allowable Pin Voltages: — 
Pin 1: -1.5 Vto+#3.5 V 


Pin 2: -3.5 V to+1.5V 


0.001% | 
Accurate 


‘Source Measurement 


MC1505 
3-1/2 Digit 
Panel Meter 


Zero Calibration: 
Set standard at 0.0005 V. 
Adjust zero potentiometer for panel meter display transition 
. between 0.000 and 0.001 V. Note: An analog input of 
~1 mV yields a reading of 0.099. ; 3 


Repeat zero and full scale calibration until meter is calibrated 
at both ends of the scale. . : 


Full Scale Calibration: 


Set standard at 1.9995 V. 
Adjust full scale potentiometer for pane! meter display tran- 
sition between 1.999 and 1.000 V. (overrange) 


Linearity Test: 


Adjust standard for the desired panel meter transition and 
record the value of the standard. 
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V2, COMMON-MODE INPUT VOLTAGE (VOLTS) 


ly, UNKNOWN CURRENT (mA) | 


tec, POWER SUPPLY CURRENT (mA) 


TYPICAL PERFORMANCE CURVES 


FIGURE 12 — MAXIMUM COMMON-MODE INPUT 


FIGURE 14 — UNKNOWN CURRENT versus ANALOG 
INPUT VOLTAGE 


VOLTAGE versus TEMPERATURE 


T, TEMPERATURE (°C) 


Icom ey aus Fe) Ea a 
(oN le ld 
[ieee (eel ered Cees aca: Se 
re Dae De Sa Nee ae We 
ee FG Bs ae ee ee 
i a a Ca er 
re a a a a oe 
Foe a a WG LM AE IS 
ee ree ames ees (Me Re a ee ae 
Fe ici acm Paes ees etl ilies Gneeenes ew ees Seal 
bee ho eh || Note: V1 limits the common mode 
‘4 Pf of capability of the input converter. 
fs SaChs eet Se aa 
7 eR Cas | 
-55 a) 68 15 125 175 


0 +05 +10 +45 +20 +425 
Vx, ANALOG INPUT VOLTAGE (VOLTS) 


FIGURE 16 — TYPICAL POWER SUPPLY CURRENT 


10 


versus POWER SUPPLY VOLTAGE 


Ramp Controi High or Low 


Ta = 250C 


Vec, POWER SUPPLY (Vdc) 


FIGURE 13 — INPUT CURRENT versus INPUT VOLTAGE 


re) > 
> ® 

V1, ANALOG INPUT VOLTAGE (VOLTS) 

11 or 12, ANALOG INPUT CURRENT (mA) 


PURRRENGE 
PUES 


ote: Observe common mode and temperature 
limitation shown in Figures 10 and 12 


Vi or V2, ANALOG INPUT VOLTAGE (VOLTS) 


FIGURE 15 — REFERENCE CURRENT versus REFERENCE 
INPUT VOLTAGE 


Ip, REFERENCE CURRENT (mA) 


Note: Circuit may not function 
beyond VR ranges shown. 


0 02 04 O86 O68 10 #12 %'4 #16 «18 286 
Vr, REFERENCE INPUT VOLTAGE, PIN 14 (Vdc) 


FIGURE 17 — TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE 


10 


lec, POWER SUPPLY CURRENT (mA) 


T, TEMPERATURE (°C) 
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CURRENT SWITCH OUTPUT (uA) 


VTH(7), COMPARATOR THRESHOLD (VOLTS) 


MC1405, MC1505 


FIGURE 18 = CURRENT SWITCH TRANSFER 
CHARACTERISTIC 


NOTE: Current Switch 
Threshold Remains Constant 
With Temperature: 


VIO, RAMP CONTROL INPUT (VOLTS) ~ 


FIGURE 20 — COMPARATOR THRESHOLD 
versus TEMPERATURE 


18 


BSRERT28 
al 
aoe eae 
geane ORee: 
GRR S RS 


+250 
T, TEMPERATURE (°C) 


FIGURE 22 — CURRENT MEASUREMENT CIRCUITRY 


Input 


Full Scale Current Readings 
1.:.1.999 mA ; 
2. 19.99 mA. 
' 3. 199.9 mA 
4. 1.999 A 


S012 


Input 
/ Voitage 


Wa voltage drop of "2.0: V full: scale can be tolerated-the — 


resistors. may be increased by” a factor of ten and a unity gain 
buffer may be employed. ; 


(ix +19VIR, RAMP CURRENT RATIO 


FIGURE 19 — INTEGRATOR OUTPUT SWING 


versus TEMPERATURE 
16 
= 4 
wn 
Ee F 
3 
Sn 
o 
2 10 
= 
” 
S 8.0 
e 
= 
= 6.0 
uw 
= 3 
= 4.0 
<= 
> 
2:0 
Vi(Min). |. 
0 ee SS CS CCS | 
-55 0 +25 +75 +125 


T, TEMPERATURE (°C) 


FIGURE 21—RAMP CURRENT RATIO 
versus POWER SUPPLY 


Voc, POWER SUPPLY (Vdc) 


_ FIGURE 23 — DVM VOLTAGE RANGING 


3) ; Output To 
MC1505/1405 . 


Full Scale Voitage Range 
1. 1.999 V 
2. 19.99 V 
3. 199.9 V 


539 


Ov-S 


FIGURE 24 — MTTL DIGITAL SUBSYSTEM © 


12 Bit Binary A/D Converter 
(1.0 Volt Full Scate, 512 Count Delay) 


=_ 
O 
Ramp Control of 
~MC1505 (Pin 10) ; 
’ 0.001 LF - 0.001 uF 


Clock Frequency 
‘& 250 kHz 


MC7493 
>|C1 


ge Q1 Q203 


: DO D1 02D3 


ST MC7475 
a0 O1 Q2Q3 


DO D1D2 D3 
st MC7475 
Q0 Q10203 


oO: 
Comparator Input 
; of MC1505 (Pin 9) 


co: RO 


O 
A8 A7 A6 AS 


MC7493 
A12 A11A10 AD 


Binary Outputs 


TT p< 
ral Strobe 
ri: Py : 


MC7493 


oo Qi Q2 a3 


DO D1 D2 D3 
Pst MC7475 
Q0 Q1 Q2 a3 


MSB 


O O 


O 
A4 AB A2 Al 


Notes: 
1. 


NAND Gates = MC7400 or equiv. 
NOR Gates = MC7402 or equiv. 
inverters = MC7404 or equiv. 


‘The clock period should be greater 


than twice the worst case ripple delay 
through the counters to achieve full 
accuracy. 


The counter delay should be - 
approximately 10% of T1, 
hence 512 counts. 


-GOSLOW “SOPLOW 
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FIGURE 25 — 12-BIT BINARY A/D LOGIC SUBSYSTEM | a 
USING McMOS 7 


Control 


1/2 
eMciaor3 
. eaeeaean 


Comparator’ 
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MC14024 
0200102030405 06 


1/2 
MC14013_ 
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MC14040 
Q00102Q3 . 040506 ae 


Caciaed> a 
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Outputs 


FIGURE 26 — CIRCUIT TO PREVENT POSSIBLE LATCHUP 
WITH APPLICATION OF NEGATIVE INPUT VOLTAGES ‘ 


The MC1405/1505 A/D analog subsystem is intended 
for positive input voltages only (i.e., pin 1 positive with re- 
spect to pin 2). However, should pin 2 become more than 
100 mV positive with respect to pin-1, the internal input 
amplifier may go into a latchup mode which will require 
that the system power be turned off and then reapplied to 
reset the system. To prevent this problem a PNP transistor 
can be used as shown in the accompanying figure. The 
base-emitter junction of the transistor clamps pin 13 at 
one diode drop above the reference voltage (pin 11) to 
prevent the latchup. The gain of the transistor insures that 
the reference need not sink more than 500 yA of current. 

The 47. kQ resistor is required only if the A/D system 
is to continue to convert under reverse polarity conditions 
such as for autopolarity schemes as shown in Engineering 
Bulletin EB-35. 


Connections 
to 
MC14435 


MC1405 


mci505 . Ref 


Full Scale 


To Pin 11 
MC1405 


Zero 
Adjust 


= 


*47 kQ resistor required if conversions are to continue during 
input polarity reversal, otherwise tie pins 12 and 13 together. 
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ORDERING INFORMATION 
. Device Temperature Range —_— Package 


Wem ogo Same oF MC1406L 
—55°C to +125° eramic 
re MC1506L 


Specifications and Applications 


Information SIX BIT, MULTIPLYING 


DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
SIX BIT, MULTIPLYING INTEGRATED CIRCUIT 


DIGITAL-TO-ANALOG CONVERTER 


. . . designed for use where the output current is a linear product 
of a six-bit digital word and an analog input voltage. 


(top view) 

@ Digital Inputs are MDTL and MTTL Compatible 

@ Relative Accuracy — +0.78% Error maximum 

@ Low Power Dissipation — 85 mW typical @ +5.0 V 

@ Adjustable Output Current Scaling 

@ Fast Settling Time -- 150 ns typical . 

® Standard Supply Voltage: +5.0 V and -5.0 V to-15 V 
: CERAMIC PACKAGE 


CASE 632 
TO-116 


FIGURE 1 — OUTPUT CURRENT SETTLING TIME FIGURE 2 — D-to-A TRANSFER CHARACTERISTICS 
(ALL BITS SWITCHED, Ry = 50 2) : : 


100 ns/DIV. (000000) INPUT WORD (111411) 


TYPICAL APPLICATIONS © 


Tracking A-to-D Converters 

Successive Approximation A-to-D Converters 
‘Digital-to-Analog Meter Readout 

Sample and Hold 

Peak Detector 

Programmable Gain and Attenuation 

Digital Varicap Tuning ' 
Video Systems | - 


Stepping Motor Drive 

CRT Character Generation 
Digital Addition and Subtraction 
Analog-Digital Multiplication 
Digital-Digital Multiplication 
Analog-Digital Division 
Programmable Power Supplies 
Speech Encoding 
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MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


[Reternce Curent 


Power Dissipation (Package Limitation) 
Ceramic Package . 
Derate above Ta = +25°C 


Operating Temperature Range 
MC1506L -55 to +125 
MC1406L 0 to +70 


’ Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = —15 Vdc, ass = 2.0 mA, all logic inputs in low logic state, 
TA = Thigh to Tjow, untess otherwise noted.) , 


Figure 


Characteristic 


Settling Time (within 1/2 LSB [includes ty] Ta = +25°C) 


Propagation Delay Time ‘ 
Ta = +25°C 


Output Full Scale Current Drift 


Digital tnput Logic Levels 
High Level, Logic 1" 
Low Level, Logic ‘0’ 

Digital Input Current 
High Level, Vip =5.0V 
Low Level, Vip = 0.8 V 


_| Reference Input Bias Current (Pin 13) 


Output Current Range 
VEE =-5.0V 
VEE = -6.0to -15 V 


Output Current 
Vref = 2.000 V, R712.= 1.000 k2 ; 


3, 
Output Current : 
(atl bits high) 
Output Voltage Compliance ; 3,4,5 
. (Ep<+0.78% at Ta = +25°C) 
Reference Current Slew Rate ee 


(Ta = +25°C) 
Output Current Power Supply Sensitivity 


Power Supply Current 3,11,12 
Al thru A6; Vip = 0.8 V 
Althru A6;Viy=2.4V 

Power Dissipation (all bits high) 
Vege = -5.0 Vde 
Veg = -15 Vde 


loc 
IEE 


14 
13 
3 
3 
3. 
3 


*Thigh = +70°C for MC1406L — Tigy. = 0°C for MC1406L 
= +125°C for MC1506L . =-55°C for MC1506L 
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The MC1T506L consists of a reference current amplifier, 
and R-2R ladder, and six high-speed current switches. For 
many applications, only a reference resistor and a reference 
supply voltage need be added. ; 

The switches are inverting in operation, therefore a low 
state at the input turns on the specified output current 
component. The switches use a current steering technique 
for high speed and a termination amplifier that consists of 
an active load gain stage with unity gain feedback. The 
termination amplifier holds the parasitic capacitance of the 
ladder at a constant voltage during switching and provides 
a low impedance termination of equal voltage for all legs 
of the ladder. : 

The R-2R ladder divides the referénce amplifier current 
into binarily-related components which are fed to the 
switches. Note that there is always a remainder current 
that is equal to the least significant bit. This current is 
shunted to ground, and the maximum current is 63/64 of 
the reference amplifier current, or 1.969 mA for a 2.0 mA 
reference current if the NPN current source pair is 
perfectly matched. — 


BLOCK DIAGRAM 


MSBo LSB 
Al = A2— AB AACA 


R-2R LADDER 


Vret O 


REFERENCE 
CURRENT 
AMPLIFIER 


BIAS CIRCUIT 


NPN CURRENT 
SOURCE PAIR 


COMPLETE CIRCUIT SCHEMATIC 
(Digital Inputs; pins 5,6,7,8,9,10) 


compensation 6 413 
14 Veet (-) 


Pin 1 no connection. 


VEE 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 


FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 


MC1506L 


DIGITAL 


INPUTS 4 MC 1406L 


ip= K{Al + AZ, RB, AS KS + AS 
7°48 *32 *e 
Vref 
R12 
and Aj =0 if Aj is at high level 

AN = 1if Aj is at low level 


A 


Jax 


thru A6 
: where K = 


FIGURE 5 — MAXIMUM OUTPUT VOLTAGE 
' versus. TEMPERATURE 


Pt Le MAR RRP 


\\ AN . \\N FOR 
6-BIT ACCURACY 


ANN 
b-ASS nN 


aN SS 


BENS: KSbr 
Ser 


50 
T, TEMPERATURE (°C) 


Ne 
SSH 


-0.4 


Vg, OUTPUT VOLTAGE PIN 4 (Vde) 


0.6 


ees 


150 


FIGURE 7 — NEGATIVE Vret 


R12 = R13 
R12 


—© Vref “Lf 
MC 1506L ‘ 
MC1406L 


C See text for values of C. 


VEE 


| BE ANNI 7 
EEN NN 


FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE 


z Al = Low 
-AG = High 
= A2-A6= High Vg RANGE FOR 
5 | 6-BIT ACCURACY 
oe 
c 
poo) 
Oo 
= 
— 
a 
e 
—) 
oO 
2 
- Vg, OUTPUT VOLTAGE PIN 4 (Vdc) 
FIGURE 6 -- POSITIVE Vyos 
Vee 
RI2Z=R13 
oF 
Al —® Vref 
A2 
A3 MC 1506. 
A4 MC 1406L 
AS 
AG O 


FIGURE 8 — REFERENCE CURRENT SLEW RATE 
MEASUREMENT TEST CIRCUIT 


MC 1506L 


AG MC 1406L : ; Mh mA. 
AS i 
AG 

dbl avi 
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POWER SUPPLY CURRENT (mA) 


_MC1406L, MC1506L 


TEST CIRCUITS and TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 — TRANSIENT RESPONSE 


2.0 Vdc 


0.1 pF : tr=te<10ns 


rs | MC15O6L 
ear 


Oto 10V 
Output 


3 8 
Hex [47 _| MC1SOBL 
INVERTERL.__ 8 _| MC1406L 
: [3 | 


me 


FIGURE 11 — TYPICAL POWER SUPPLY CURRENT FIGURE 12 — TYPICAL POWER SUPPLY CURRENT versus Veg 
versus TEMPERATURE . , 
15 
14 
13 < 
Ee 
12 5 
ale = 1 s 
Qo 
~ 10 T > 
9.0 leg - ALL BITS HIGH S. igg — ALL BITS LOW 
[2-4 
uu 
= 
o 
a 


T, TEMPERATURE (°C) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 13 — LOGIC INPUT CURRENT versus INPUT VOLTAGE 


1.0 
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Ee . 
a 
a 
co 
B06 
= 
z 
2 
w 0.4 
> 
= 
< 
+5 
2 02 
0 
0 10 20 30 40 50 60 70 8.0 
Vin, LOGIC INPUT VOLTAGE (Vde) 
FIGURE 14 — MSB TRANSFER CHARACTERISTICS 
versus TEMPERATURE (MSB IS “WORST CASE”) 
ool a 
re nee 
12}-— | va = vaTuaL ono —-— 
= Ta = 25°C + —_} 
= 10 - 569C 
— | NC ONS ANE 71. 
ive} G 
= 08 125°C {+— 
— 
3 1 
5 0.6 t 
f 70°C 
So 04 
i=) 
0.2 
0 
0 14 1.6 1.8 2.0: 2.2 


Vin, LOGIC INPUT VOLTAGE (Vde) 


FIGURE 15 — REFERENCE INPUT FREQUENCY RESPONSE 


+2.0 


-+Untess otherwise specified: 
R12=R13= 10k | 

RL=50Q(pin4toGNp) | 
| Curve.A: Large Signal Bandwidth 
~4.07 (Method of Figure 6) 

t Vref = 2.0 V(p-p) offset 1.0 V above GND- 
-6.0+Curve B: Small Signal Bandwidth 
; (Method of Figure 6) - 


RELATIVE OUTPUT (dB) 


8 Al Vref = 50 mV(p-p) offset 200 mV above GND 
"| Curve C: Large and Smal! Signal Bandwidth 
r (Method of Figure 22 with no op-ampl, Ri = 5082) 
-10} Rs = RL = 502 
| Vref = 2.0V iz 
-12 Vs = 120 mV(p-p) centered at 0 V ik LI 
0.01 0.02 0.1 0.2 10 20 5.0 10 


f, FREQUENCY (MHz) 


5-47 


GENERAL INFORMATION 


Output Current Range 


The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages below -6.0 volts, 


. due to the increased voltage drop across the 400-ohm 


resistors in the reference current amplifier. 


Output Voltage Compliance 


The MC1506L current switches have been designed for 
high-speed operation and as a result have a restricted out- 
put voltage range, as shown in Figures 4 and 5. When a 
current switch is turned ‘‘off'’, the follower emitter ‘is 
near ground and a positive voltage on the output terminal 
can turn “on” the output diode.and increase the output 
current level. When a current switch is turned ‘‘on”, the 
negative output voltage range is restricted. The base of 
the termination circuit Darlington amplifier is one diode 
voltage below ground; thus a negative voltage below the 
specified safe level will drive the low current device of the 
Darlington into saturation, decreasing the output current 
level. 

For example, at +25°C the allowable voltage compliance 
on Pin 4 to maintain six-bit accuracy is +0.1 to -0.3 
Volts. With a full scale output current of 2.0 mA, the 
maximum resistor value that can be connected from.Pin 4 
to ground is 150 ohms. 


Accuracy 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full scale current. The relative accuracy of 
the MC1506L is essentially constant with temperature due 
to the excellent temperature tracking of the monolithic 
resistor ladder.. The reference current may drift with 
temperature, causing a change. in the absolute accuracy 
of output current. 

The best temperature performance is achieved with a 
-6.0 V supply and a reference voltage of -3.0 volts. These 
conditions match the voltage across the NPN current source 
pair in the reference amplifier at the lowest possible volt- 
age, matching and optimizing the output impedance of 
the pair. 

The MC1506L/MC1406L is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 
1.969 mA. This corresponds to a reference amplifier out- 
put current drive to the ladder of 2.0 mA, with the loss of 
one LSB = 31 WA that is the ladder remainder shunted to 


‘ground. The input current to Pin 12 has a guaranteed 


current range value of between 1.9 to 2:1 mA, allowing 


MC1406L, MC1506L 


GENERAL INFORMATION (continued) 


some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 10. The 12-bit 
converter is calibrated for a full scale output current of 
1.969 mA. This is an optional step since the MC1506L 


accuracy is essentially the same between 1.5 to 2.5 mA. 


Then the MC1506L full scale current is trimmed to the 
same value with R12 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored ina peak detector. 

Two 6-bit D-to-A converters may not be used to con- 
struct a 12-bit accurate D-to-A converter. 12-bit accuracy 
implies a total error of +1/2 of one part in 4096, or 
+0.012%, which is more accurate than the +0. 78% specifi- 
cation provided by the MC1506L. 


Multiplying Accuracy 

The MC1506L may be used in the multiplying mode 
with six-bit accuracy when the reference current is varied 
over a range of 64:1. The major source of error is the 
bias current of the termination amplifier. Under ‘‘worst 
case’’ conditions these six amplifiers can contribute a total 
of 6.0 wA extra current at the output terminal. If the 
reference current in the multiplying mode ranges from 
60 WA to 4.0 mA, the 6.0 ZA contributes an error of 

0.1 LSB. This is well within six-bit accuracy. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. Typi- 
cally, the MC1506L is monotonic for all values of reference 
current above 0.56 mA. The recommended range for 
operation with a dc reference current is 0.5 to 4.0 mA. 


Settling Time 

The ‘‘worst case”’ switching condition occurs when all 
bits are switched ‘‘on’’, which corresponds to a high-to-low 
transition for all bits. This time is typically 150 ns to 


within +1/2 LSB, while the turn ‘off’ is typically under 


50 ns. 

The slowest single switch is the least significant bit, 
which turns “on” and settles in 50 ns and turns “off’’ in 
30 ns. In applications where the D-to-A converter func- 
tions in a positive-going ramp mode, the ‘‘worst case” 
switching condition does not occur, and a settling. time 
of less than 150 ns may be realized. 


Reference Amplifier Drive and Compensation 


The reference amplifier provides a voltage at Pin 12 for 
converting the reference voltage to a current, and a turn- 
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around circuit or current mirror for feeding the ladder. 
The reference amplifier input current, 112, must always 
flow into Pin 12 regardless of the setup method or reference 
voltage polarity. 

Connections for a positive reference voltage are shown 
in Figure 6. The reference voltage source supplies the full 
current 112. Compensation is accomplished by Mitler feed- 
back from Pin 14 to Pin 13. This compensation method 
yields the best slew rate, typically better than 2.0 mA/us, 
and is independent of the value of R12. R13 must be used 
to establish the proper impedance for compensation at 
Pin 13. For bipolar reference signals, as.in the multiplying 
mode, R13 can be tied to a negative voltage corresponding 
to the minimum input level. Another method is shown 
in Figure 22. 

It is possible to eliminate R13 with only a small sacri- 
fice in accuracy and temperature drift. For instance when 
high-speed operation is not needed, a capacitor is connected 
from pin 14 to VEE. The capacitor value must be increased 
when R12 is made larger to maintain a proper phase 
margin. For R12 values of 1.0, 2.5, and 5.0 kilohms, 
minimum capacitor values are 50, 125, and 250 pF. 

Connections for a negative reference voltage are shown 
in Figure 7. A high input impedance is the advantage of 
this method, but Miller feedback cannot be used because 
it feeds the input signal around the PNP directly into the 
high impedance node, causing slewing problems and high 
frequency peaking. Compensation involves a capacitor 
to VEE on Pin. 14, using the values of the previous para- 
graph.. The negative reference voltage must be at least 
3.0. V above Veg. Bipolar input signals may be handled 
by connecting R12 to a positive reference voltage equal to 
the peak positive input level at Pin 13. . 

When a dc reference voltage is used, capacitive bypass 
to ground is recommended. The 5.0 V logic supply is not 
recommended as a reference voltage. If a well regulated 
5.0 V supply which drives logic is to be used as the refer- 
ence, R12 should be decoupled by connecting it to +5.0 V 
through another resistor and bypassing the junction of 
the two resistors with 0.1 wF to ground. For reference 
voltages greater than 5.0 V, a clamp diode is recommended 
between Pin 12 and ground. ae 

If Pin. 12-is driven by a high impedance such as a 
transistor current source, none of the above compensation 
methods apply and the amplifier must be heavily compen- 
sated, thus decreasing the overall bandwidth. 
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APPLICATIONS INFORMATION 
FIGURE 16 — OUTPUT CURRENT VOLTAGE CONVERSION 


MSB Al Vref 


MC 1506L 
MC1406L 


Voltage outputs of a larger magnitude are obtainable 
with this. circuit which uses an external operational ampli- 
fier as a current to voltage converter. This configuration 
automatically keeps the output of the MC1506L at ground 
potential and the operational amplifier can generate a 
positive voltage limited only by its positive supply voltage. 
Frequency response and settling time are primarily deter- 
mined by the characteristics of the operational amplifier. 
In addition, the operational amplifier must be compensated 
for unity gain, and in some cases overcompensation may 
be desirable. ‘ ; 

Note that this configuration results in a positive output 
voltage only, the magnitude of which is dependent on 
the digital input. 

The following circuit shows how the MLM301AG can 
be used in a feedforward mode resulting in a full scale 
settling time on the order of 2.0 us. 


FIGURE 17 


65 pF 


(To pin 4 
of MC1406L) 


Theoretical Vg 


Vref = 2.0 Vdc rat os Aa cee, 28 9 Ae 
R12= R13 = 1.0kQ = fe Al ,A2,A3,A4,A5 AG, _ > 
Ro=S0kQ VO = Ryg ROD +9 +g * 16 * 30 * 6a! KRo} A 
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Adjust Rref so that VO with all digital inputs at 
tow level is equal to 9.844 volts. 
2 ee re 


=2V Tei, , try. 63) _ 
VO= FR (5K) (9+ gt gtigt gat gg) = 10 (gq) = 9.844 V 


Vo 


MC 1741 or Equiv 


An alternative method is to.use the MC1539G and input. 
compensation. Response of this circuit is also on the 


order of 2.0 us. See Motorola Application Note AN-459 
for more details on this concept. 


FIGURE 18 


{To pin4 
of MC 15061) 


240 


0.2 uF 


= -15V 


The positive voltage range may be extended by cas- 
coding the output with a high beta common base tran- 
sistor, Q1, as shown. 


MC1506L 


The output, voltage range for this circuit is O volts to 
BVcgo of the transistor. Variations in beta must be 
considered for wide temperature range applications. An 
inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the 
collector of the transistor. Also, high-speed operation is 
possible with a large output voltage swing. . 


MC1406L, MC1506L 


APPLICATIONS INFORMATION (continued) 


Combined ee Amplifier and Voltage Reference 


For. many of its applications the MC1506L requires a’ 


reference voltage and an operational amplifier. Normally 
the operational amplifier is used as a current to voltage 
converter and its output need only go positive. With the 
popular MC1723G voltage regulator both of these functions 
are provided in a single package with the added bonus of 
up to 150 mA of output current, see Figure 19. Instead 
of powering the MC1723G from a single positive voltage 
supply, it uses a negative bias as well. Although the refer- 
ence voltage of the MC1723G is then developed with 
respect to that negative voltage it appears as a common- 
mode signal to the reference amplifier in the D-to-A con- 
verter. This allows use of its output amplifier as a 
classic current-to-voltage converter with the non-inverting 
input grounded. . 

Since +15 V and +5.0 V are normally available in a 
combination digital-to-analog system, only the -5.0 V 
need be developed. A resistor divider is sufficiently accu- 
rate since the allowable range on pin 5 is from -2.0 to 
-8.0 volts. The 5.0 kilohm pulldown resistor on the ampli- 
fier output is necessary for fast negative transitions. 

Full scale output. may be increased to as much as 32 volts 
by increasing Ro. and raising the +15 V supply voltage to 
35 V maximum. The resistor divider should be altered to 
comply with the maximum limit of 40 volts across the 
MC1723G. Cog may be decreased to maintain the same 
ROCo product if maximum speed is desired. 


Programmable Power Supply 

The circuit of Figure 19 can be used as. a digitally 
programmed power supply by the addition of thumbwheel 
switches and a BCD-to-binary converter. The output volt- 
age can be scaled in several ways, including 0 to +6.3 volts 
in’ 0.1-volt increments, +0.05 volt; or 0 to 31.5 volts in 
0.5-volt increments, £0.25 volt. 


FIGURE 19 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


Vee @+5.0V 


MC 17236 


MC 1S06L 
MC 1406L 


i — sisi 
VO* Viet ay = AA 


Settling time for 10 V step = 1.0 us 
VEE 
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Bipolar or Negative Output Voltage 


The circuit of Figure 20 is a variation from the standard 
voltage output circuit and will produce bipolar output 
signals. A positive current may be sourced into the sum- 
ming node to offset the output voltage in the negative | 
direction. For example, if approximately 1.0 mA is-used 
a bipolar output signal results which:may be described 
as a 6-bit ‘1's’ complement offset binary. Vre¢ may be 
used as this auxiliary reference. Note that Ro has been 
doubled to 10 kilohms because of the anticipated 20 V 
(p-p) output range. 


FIGURE 20 — BIPOLAR OR NEGATIVE OUTPUT 
' VOLTAGE CIRCUIT 


| Veet 


Ro 
10k 


Rg =2 R12 


506 pe 8 Zs ne So "RIZ= R13 


AZ | 
R12 4 8 “18° 32 


AR AS, 


Vref AS 


A Vv 
Vo = we! (Ro ae 6 ref 


or eee ea 


Polarity Switching Circuit, 6-Bit Magnitude Plus 
Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity 
switching circuit. The circuit of Figure 21, gives 6-bits 
magnitude plus a sign bit. In this configuration the oper- 
ational amplifier is switched between a gain of +1.0 and 
~1.0. Aithough another operational amplifier is required, 
no more space is taken when a dual operational amplifier 
such as the MC1558G is used. The transistor should be’ 
selected for a very low saturation voltage and resistance. 


FIGURE 21 — POLARITY SWITCHING CIRCUIT 
(6-Bit Magnitude Plus Sign D-to-A Converter) 


FROM Vg 
OUTPUT 
OP-AMPL 
Vo =VoP - VoP 


POLARITY 
CONTROL BIT 
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APPLICATIONS INFORMATION (continued) | 


Programmable Gain Amplifier or Digital Attenuator 


When used in the multiplying mode the MC1506L can 
be applied as a digital attenuator. See Figure 22. One ad- 
vantage of this technique is that if Rg = 50 ohms, no 
compensation capacitor is needed and a wide large signal 
bandwidth is achieved. The small and large signal band- 
widths are now identical and are shown in Figure 15. 


FIGURE 22 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 


Veet When Vs =0,112= 2mA 


Vref . VS a 
vo= |e + Stabe 
9 [fe Rs {A} Ro 
Ro 


MC1506L 
MC1406L 


§060 70809 0 
Al A2 A3 A4 AB AG 


Panel Meter Readout 

The MC1506L can be used to read out the status of 
~ BCD or binary registers or counters in a digital control 
system. The current output can be used to drive directly 
an analog panel meter. External meter shunts may be 
necessary if a meter of less than 2.0 mA full scale is used. 
Full scale calibration.can be done by adjusting R12 or Vref. 


c 


FIGURE 23 — PANEL METER READOUT CIRCUIT 


DIGITAL WORD 
FROM COUNTER 
OR REGISTER 


Pee | ‘ 
MC 1506L 
_ MC1406L 


Rint < 1502 


The best frequency response is obtained by not allowing 
142 to reach zero. Rg can be set for a+1.0.mA variation 
in relation to 149. 142 can never be negative. 

The output current is always unipolar. The quiescent 
de output current level changes with the digital word that 
makes ac coupling necessary. 


FIGURE 24 — DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 


Vec VEE igen 
Ne +!o= lot 


Vret2 


MC1506L 
MCt406L 


R12} 12 
Vref 


MC1506L 
MC1406L 


= vec OEE 
2 _ Vrett fx} _ Veet2 fe 
to =!o1-lo2 = rrr {at A122 at 
Digital Subtraction: 
Vrat _ Vret2 
R12, R122 
Vret1 a} {5 | 
Vo= —— R AG - 
O° Riz 9 \ Bf 


Programmable Amplifier: 
Connect digital inputs so A = B 


5 sl lv Vref: 
Vo = {a} Meet] _ Tre 
2 R12) R122 


‘This digital subtraction application is useful for indi- 
cating when one digital word is approaching another in 
value. More information is available than with a digital 
comparator. 


' Bipolar inputs can be accepted by using any of the 
previously described methods, or applied differentially to 
R124 and R129 or R134 and R139. Vo will be a bipolar 
signal defined by the above equation. Note that the circuit 
shown accepts bipolar differential signals but does not have 
a negative common-mode range. A very useful method is 
to connect R121 and R129 to a positive reference higher 
than the most positive input, and drive R134 and R139. — 
This yields high input impedance, bipolar differential and 
common-mode range. The compensation depends on the 
input method used, as shown in previous sections. 
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APPLICATIONS INFORMATION (continued) 


FIGURE 25 — DIGITAL SUMMING and CHARACTER 
GENERATION 
AC, 


Vreft 


MC 1506. 
MC1406L 


Vo =(to1 +102) Ro 


Veet} fa Veet2 a 
=|—— jAp + —— R 
R12} } R122 {2 9 


MC1506L 
MC 1406L. 


d748496 10 See text 
8 

tn a character generation system one MC1506L circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a 12-bit D-to-A 
converter (see Accuracy Section). 


FIGURE 27 — PROGRAMMABLE PULSE GENERATOR 


AMPLITUDE 


20 mA full scale 


oe 


SWITCHING 
INPUT (MTTL) 


MC i506 
MC 1406L 


age 
{0 to 1 Volt 
in 16 mV steps) 


Veet 


Fast rise and fall times require the use of high speed switching 
transistors for the differential pair, Q4 and Q5. Linear ramps 
and sine waves may be generated by the appropriate reference 
input. 


FIGURE 29 ~ ANALOG DIVISION BY DIGITAL WORD ~ 


MC1506L 
MC1406L 


Ig = CONSTANT 


tg R12 


This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, Io can 
be set at 62 uA so that | 49 will have a maximum value of 3.938 mA 
for a digital bit input configuration of 111110. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. !f a standard 1.0 MHz 
operational amplifier is employed, it should be overcompensated 
when possible. If this cannot be done, the reference amplifier 
can furnish the dominant pole with extra Miller feedback fram 
pin 14 to 13. If the MC1723 or. another wideband amplifier is 
used, the reference amplifier should always be overcompensated. —— 


FIGURE 26 — PEAK DETECTING SAMPLE and HOLD 
(Features infinite hold time and optional digital output.) 


CLOCK OETECT/HOLD 


RESET 


BINARY COUNTER 
‘ Guu, [" 


MC 1506L 
MC 1406L 


COMPARATOR 


‘ 
1 


Positive peaks may be detected by inserting a hex inverter between 
the counter and MC1506L, reversing the comparator inputs, and 
connecting the output amplifier for unipotar operation. 


FIGURE 28 — PROGRAMMABLE CONSTANT CURRENT SOURCE 


AMPLITUDE 
INPUT 


MC 1506L 
MC1406L 


Ro = B1B2 (100k 
atig = 1mA 


Current pulses, ramps, staircases, and sine waves may be generated 
by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 


FIGURE 30 — ANALOG QUOTIENT OF TWO 
DIGITAL WORDS 


(Vref) 
O 


MC1506L 
MC1406L 


MC1506L 
MC1406L 


O 
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APPLICATIONS INFORMATION (continued) 


FIGURE 31 — ANALOG PRODUCT OF TWO DIGITAL WORDS 
(High-Speed Operation) 


MC 1506L MC 1506L 
MC 1406L ; MC 1406. 


{8} Vreft 
AE fo (at) 
R22 |"? (a) ie | 
since Rg = R122 and K = Vyet/R124 
to=« {ale} K can be an analog variable. 


i 


Two Digit BCD Conversion 


MC1506L parts which meet the specification for 7-bit 
accuracy can be used for the most significant word when 
building a two digit BCD D-to-A or A-to-D converter. If 
both outputs feed the virtual ground of an operational 
amplifier, 10:1 current scaling can be achieved with a 
resistive current divider. If current output is desired, the 
units may be operated at full scale current levels of 4.0 mA 
and 0.4 mA with the outputs connected to sum the currents. 
The error of the D-to-A converter handling the least sig- 
nificant bits will be scaled down by a factor of ten. 


FIGURE 32 — DIGITAL QUOTIENT of TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


RESET 


i; eee BINARY 


i; eee 
Vin/Ro 


O O i 
12.3 C-mig LSB MSB 


The circuit shown is a simple counter- 
ramp converter. An UP/DOWN counter 
and dual threshold comparator can be 
used to provide faster operation and 
continuous conversion. 


Vref MC1506L. 


MC 1406L 


R13. 
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ORDERING INFORMATION 


Device 


“Temperature Range Package. 

MC1408L6 —0°C to +75°C Ceramic DIP 
MC1408L7 0°C to +75°C Ceramic DIP 
MC1408L8 O°C to +75°C Ceramic DIP ‘ 
MC1408P6 O°C to +75°C Plastic DIP MC1408 
MC1408P7 0°C to +75°C Plastic DIP 

~ MC1408P8 0°C to +75°C Plastic DIP MC1 508 
MC1508L8 —55°C to +125°C Ceramic DIP 


Specifications and Applications 
. Information 


EIGHT-BIT MULTIPLYING ~ 
DIGITAL-TO-ANALOG 
CONVERTER 


 EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 
. designed for use where the output current is a linear product 
of an-eight-bit digital word and an analog input voltage. 


SILICON MONOLITHIC 
‘INTEGRATED CIRCUIT 


@ Ejght-Bit Accuracy Available in Both Temperature Ranges 
Relative Accuracy: +0.19% Error maximum 
(MC1408L8, MC1408P8, MC1508L8) 


Seven and Six-Bit Accuracy Available with MC1408 Designated 
by 7 or 6 Suffix after Package Suffix 
Fast Settling Time — 300 ns typical 


Noninverting Digital Inputs are MTTL and 
CMOS Compatible 


Output Voltage Swing — +0.4 V to -5.0 V 
High-Speed Multiplying Input 
Slew Rate 4.0 mA/us 


Standard Supply Voltages: +5.0 V and 
-5.0Vto-15V 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 16 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FIGURE 2 — BLOCK DIAGRAM 


a 
R-2R Ladder 


Reference 
Current 
Amplifier 


FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS 


< 
£ 
io 
Zz 
Ww 
oc 
Vs 
2 
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i 
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a 
= 
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(00000000) (11111111) 


NPN Current 
Source Pair 


INPUT DIGITAL WORD 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Audio Digitizing and Decoding 
Successive Approximation A-to-D Converters. 
2 1/2 Digit Panel Meters and OVM’s 
Waveform Synthesis 

~ Sample and Hold - 


Peak Detector | 


Prograrnmable Power Supplies 
Analog-Digital Multiplication 
Digital-Digital Multiplication 
Analog-Digital Division 

Digital Addition and Subtraction 
Programmable Gain and Attenuation 
CRT Character Generation 


Speech Compression and Expansion 
Stepping Motor Drive 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Pate es 


Power Supply Voltage Vcc 
VEE 


Digital Input Voltage V5 thru Vid 


Applied Output Voltage ia eae Vde 
Reference Amplifier !nputs V14.Vi5 Vdc 


Operating Temperature Range 
ct 508 


ren 
-55 to +125 
MC1408 Series ‘0 to +75 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vde, Veg = -15 Vde, —— a = 2.0mA, MC1508L8: Tap = -55°C to 4125°C, 
‘MC 1408L Series: Ta = 0 to +75°C unless otherwise noted. All digital inputs at high logic level.) : 
fe 


Characteristic 


x 


Relative Accuracy (Error relative to full scale !Q) 
MC1508L8, MC1408L8, MC1408P8 
MC1408P7, MC1408L7, See Note 1 
MC1408P6, MC1408L6, See Note 1 


Settling Time to within +1/2 LSB [includes tp ]{(T a=+25°C) See Note 2 ais 


Propagation Delay Time 
Ta = +25°C 
PPM/°C 
Vde 


1 Output Full Scale Current Drift 


Digital Input Logic Levels (MSB) 
High Level, Logic ‘1°’ . 2.0 
Low Level, Logic 0” : 
Digital Input Current (MSB) 
High Level, Vijpqq = 5.0 V 
Low Level, Vi_, = 0.8 V 


> 


Output Current Range 
Vee =-5.0V 
Veg = -15 V, Ta = 25°C 


Output Current 


Vref = 2.000 V, R14 = 1000 2 


> - 


Output Current 
(All bits low) 


Output Voltage Compliance (E, < 0.19% at Ta = +25°C) 
Pin 1 grounded 
Pin 1 open, Veg below -10 V 


Reference Current Slew Rate. mA/us 


Output Current Power Supply Sensitivity BAIV 


Power Dissipation 
\ All bits low 
Veg = -5.0 Vde , ; 105 
Vee = -15 Vde 190 


All bits high 
Vee = ~5.0 Vde 
Veg =-15 Vde . : os 


Note 1. All current switches are tested to guarantee at least 50% of rated output current. 
Note 2. All bits switched. 
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Digital } 


inputs 


MC1408 
AS Series 
AG _ MC1508 


8-Bit Counter 


MC 1408 


Series 
MC1508 


Typical Values: 


TEST CIRCUITS 
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 


R14=RIS=1k 
Vref = +2.0V 
C = 15 pF 


Vret (+) 


t (See text for 
values of C) 


V, and t) apply to inputs A1 
thru A8& 


The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 


Al A2 A3 A4 AS AB A7 A8 
lo=zK — + HF HH eH 
2 4 8 16 32 64 128 256 
Vv 
where K Soho 
R14 
and Ay = ''1” if Aq is at high level 
AN = “0” if Any is at low level 


FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT 
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Co S25 pF 
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For settling time 


{All bits switched 
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12-8it 
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Converter 
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error max) 


0 to +10 V Output 


Error (1 V = 1%) 


MC1556 


MC 1508 


tpHL = tPLH S10 ns 


— Internal 
Clamp Level 


0.7 Vv 


SETTLING TIME 
@q for Figure 5 


Use’R, to GNO for 


turn off 
measurement ($ee text).. 


ie) 
tg= 300 ns typic 
to+1/2 LSB 


TRANSIENT ® 


RESPONSE 


-100 
mv 


in 
AR, = 5082 
pind to GND 


tPHL 


MOTOROLA Semiconductor Products Inc. 
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TEST CIRCUITS (continued) 


FIGURE 6 — REFERENCE CURRENT SLEW 
RATE MEASUREMENT 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 
ee TJ(max) -TA 

Al“ ROAITyp) | 


Where: Pp(T,) =.Power Dissipation allowable at a given 
Operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 


aa or 90% _ Temperature ) 
. 20 me RgJsa(Typ) = Typical Thermal Resistance Junction to 
Slewing Ambient 


FIGURE 7 — POSITIVE Vref FIGURE 8 — NEGATIVE Vyot 


R14 = R15 Ri4 = R15 


(+) Veet ook R14 


MC 1408 
Series 
AGO MC 1508 


Series 
MC 1508 


for values of C. 
See text a See text for values of C. 


(A) MOTOROLA Semiconductor Products Inc. 
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FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT 
CIRCUIT SCHEMATIC 


DIGITAL INPUTS . , 
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CIRCUIT DESCRIPTION 


The MC1408 consists of a reference current amplifier, an 
R-2R tadder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage- need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 


a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R iadder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched. 


(AK) MOTOROLA Semiconductor Products Inc. 
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GENERAL INFORMATION 


Reference Amplifier Drive and Compensation 


The reference amplifier provides. a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7, The reference voltage source suppties the full current 114. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R15 with only a small sacrifice 
in accuracy and temperature drift. Another method for bipolar 
inputs is shown in Figure 25. 

The compensation capacitor: value must be increased with in- 

creases in R14 to maintain proper phase margin; for R14 vatues 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to Veg as this in- 
creases negative supply rejection. - 
“A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown in Figure 8. 
A high input impedance is the main advantage of this method. 
Compensation involves a capacitor to Veg on pin 16, using the 
vatues of the previous paragraph. The negative reference voltage 
must be at least 3.0-volts above the Veg supply. Bipolar input 
signals may. be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

When adc reference voltage is used, capacitive bypass to ground 

is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 shouid be decoupled by 
connecting it to +5.0 V through another résistor and bypassing 
the junction of the two resistors with 0.1 uF to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen- 
ded between pin 14 and ground. 
_ (f pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods apply 
and. the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 


Output Voltage Range 


The voltage on pin 4 is restricted to a range of -0.55 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC1408. When.a current switch is turned “off’’, the posi- 
tive voltage on the output terminal can turn ‘‘on”’ the output 
diode and_increase the output current tevel. When a current switch 
is turned “on’’, the negative output voltage range is restricted. 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe tevel will drive the low current 
device of. the Darlington into saturation, decreasing the output 
current level. : 

The negative output voltage compliance of the MC1408 may 
be extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more’ negative than -10 volts. 
Using a full scale current of 1.992 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between O and -4.980 volts. Floating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
_increased voltage swing. Values of Ry up to 500 ohms do not sig- 
nificantly affect performance, but a 2.5-kilohm load increases 
“worst case” settling time to 7.2 us (when all bits are switched on). 


Refer to the subsequent text section on Settling Time for more 
details on output loading. \ 

If a power supply value between -5.0 V and -10 V is desired, 
a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum. allowable negative out- 
put swing. 


Output Current Range 


The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 


Accuracy 


Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift: Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the MC1408 is essentially 
constant with temperature due to the excellent temperature track- 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC1408 has a very low full! 
scale current drift with temperature. 

The MC1408/MC1508 Series is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 uA 
which is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.1: mA, 
allowing some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 4. The 12-bit converter 
is calibrated for a full scale output current of 1.992 mA. This is 
an optional step since the MC1408 accuracy is essentially the 
same between 1.5 and 2.5 mA. Then the MC1408 circuits’ full 
scale current is trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The counter is activated 
and the error band, may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total 
error of +1/2 of one part in 65, 536, or +0.00076%, which is much 
more accurate than the +0.19% specification provided by the 
MC1408x8. 


Multiplying Accuracy . : : 

The MC1408 may be used in the multiplying mode with 
eight-bit accuracy when the reference current is varied over arange 
of 256:1. The major source of error is the bias current of the 
termination amplifier. Under ‘‘worst case’’ conditions, these eight 
amplifiers can contribute a total of 1.6 “A extra current at the 
output terminal. If the reference current in the muitiplying mode 
ranges from 16 uA to 4.0 mA, the 1.6 uA contributes an error 
of 0.1 LSB.-This is well within eight-bit accuracy referenced to 
4.0 mA. ; 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
MC1408 is monotonic for all values of reference current above 
0.5 mA. The recommended range for operation with a dc reference 
current is 0.5 to 4.0 mA. 
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GENERAL INFORMATION (Continued) 


Settling Time 


The “worst case” switching condition occurs when all bits are 
switched “‘on’’, which corresponds to a !ow-to-high transition for 
all bits. This time is typically 300 ns for settling to within +1/2 
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit 
accuracy. The turn off is typically under 100 ns. These times 
apply when Ri <500 ohms and Co S25 pF. 

The slowest single switch is the least ' significant bit, which turns 

“on” and settles in 250 ns and turns ‘‘off’’ in 80 ns. In applica- 
tions where the D-to-A converter functions in a positive-going 
ramp mode, the ‘worst case’’ switching condition does not occur, 
and a settling time of less than 300 ns may be realized. Bit Al 
turns ‘‘on” in 200 ns and “off’’ in 80 ns, while bit A6 turns “on” 
in 150 ns and “‘off’’ in 80 ns. 


The test circuit of Figure 5 requires a smaller voltage swing for 
the current switches due to internal voltage clamping in the MC- 
1408. A 1.0-kilohm load resistor from pin 4 to ground gives 
a typical settling time of 400 ns. Thus, it is voltage swing and not 
the output RC time constant that determines settling time for 
most applications. 

Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100 uF supply bypassing for low fre- 
quencies, and minimum scope lead length are all mandatory. 


TYPICAL CHARACTERISTICS 
(Voc = +5.0 V, Veg =-15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE 


‘ty, INPUT CURRENT (mA) 


Vi. LOGIC INPUT VOLTAGE (Vdc) 


. oO n 


FIGURE 12 — OUTPUT CURRENT versus OUTPUT VOLTAGE 
(See text for pin 7 restrictions) 


1g, OUTPUT CURRENT (mA) 


Vo, OUTPUT VOLTAGE, FI PIN 4 (Vde) 


FIGURE 11 —- TRANSFER CHARACTERISTIC versus TEMPERATURE 


{A5 thru A8 thresholds lie within range for A1 thru A4) 
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FIGURE 13 — OUTPUT VOLTAGE versus TEMPERATURE 


(Negative range with pin 1 open is -5.0 Vdc over full temperature range) 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +8.0 V. Veg = -16 V, Ta = +25°C unless otherwise noted.) 


é ; FIGURE 15 — TYPICAL POWER SUPPLY CURRENT 
FIGURE 14 ~ REFERENCE INPUT FREQUENCY RESPONSE versus TEMPERATURE [all bits tow) 


RELATIVE OUTPUT (dB) 


POWER SUPPLY CURRENT (mA) 


55 0 +50 +100 “+150 
f, FREQUENCY (MHz) T, TEMPERATURE (°C) 


FIGURE 16 — TYPICAL POWER SUPPLY CURRENT 
versus Veg (all bits low) ; 
Unless otherwise specified: ¢ 
R14 = R15 = 1.0k82 
C = 15 pF, pin 16 to VEE 
RL = 50 9, pin 4 to GND 


Curve A: — Large Signa! Bandwidth 
Method of Figure 7 . 
Vref = 2.0 V(p-p) offset 1.0 V above GND 


Curve 8: — Small Signal Bandwidth 
~ Method of Figure? Ry = 250 2 
Vref-= 50 mV(p-p} offset 200 mV above GND 


‘POWER SUPPLY CURRENT (mA) 


Curve C: Large and Small Signal Bandwidth 
Method of Figure 25 (no op-ampt, Ry = 50 9) 
Rs = 502 
Vref = 2.0 V 
Vs = 100 mV(p-p) centered at 0 V 


G0 -20 -40 -60 -80 -10 -12 -14 -16 -18 --20 


VEE. NEGATIVE POWER SUPPLY (Vdc) 


APPLICATIONS INFORMATION 
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION 
Vec Veet # 2.0 Vile 


R14 @R15 Z1.0k:? 
Ro =5.0k2 


Theoretical V oO 


MSB A10 Vref 
Vv Al. A2 A3 Aa AS A6 A? As 
oF A20 Vv ret SD ee a ee 
R14 2 4 8 16 32 64. 128 256 
A30 MC 1408 : ; 
A49 MC 1608 Adjust Vre¢, R14 of Rg so that Vo with ail digital inputs at high 


Senes level is equal to 9.961 volts. 


4 8 16 32 64 § 128 256 


, 285 
Vo =10V|——| = 9.961 Vv 
256 
MC1741SG : 


or Equiv 
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APPLICATIONS INFORMATION (continued) 


Voltage outputs of a larger magnitude are obtainable with this 
circuit which uses an external operational amplifier as a current 
to voltage converter. This configuration automatically keeps the 
output of the MC1408 at ground potential and the operational 
amplifier can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are primarity 
determined by the characteristics of the operational amplifier. In 
addition, the operational amplifier must be compensated for unity 
gain, and in some cases overcompensation may be desirable. 

Note that this configuration results in a positive output voltage 
only, the magnitude of which is dependent on the digital input. 

The following circuit shows how the MLM301AG can be used 
in a feedforward mode resulting in a full scale settling time on 
the order of 2.0 ys. 


FIGURE 18 


65 pF 


(To pina 
of MC1508L8) 


An alternative method is to use the MC1539G and input com- 
pensation. Response of this circuit is also on the order of 2.0 us. 


See Motorola Application Note AN-459 for more details on this — 


concept. 


FIGURE 19 


(To pina 
of MC1508L8}) 


0.2 uF 


The positive voltage range may be extended by cascading the 
output with a high beta common base transistor, 1, as shown. 


FIGURE 20 — EXTENDING ROSITIVE 
VOLTAGE RANGE 


(Resistor and 
diode optional, 
see text) 


Ge 


MC1508L8 


The output voltage range for this circuit is 0 volts to BVcgoO 
of the transistor. !f pin 1 is left open, the transistor base may be 
grounded, eliminating both the resistor and the diode. Variations 
in beta must be considered for wide temperature range applica- 
tions. An inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 


' the transistor. Also, high-speed operation is possible with a large 


Output voltage swing, because pin 4 is held at a constant voltage. 
The resistor (R) to Veg maintains the transistor emitter voltage 
when ail bits are “‘off’’ and insures fast turn-on of the least 
significant bit. . 


Combined Output Amplifier and Voltage Reference 


For many of its applications the MC1408 requires a reference 
voltage and an operational amplifier. Normally the operational 
amplifier. is used as a-current to voltage converter and its output 
need only go positive. With the popular MC1723G voltage regula- 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output current. See Figure 
21. The MC1723G uses both a positive and negative power supply. 
The reference voltage of the MC1723G is then developed with 
respect to the negative voltage and appears as a common-mode, 
signal to the reference amplifier in the D-to-A converter. This 
allows use of its output amplifier as a classic current-to-voltage 
converter with the non-inverting input grounded. 

Since +15 V and +5.0 V are normally available in a combina- 
tion digital-to-analog system, only the -5.0 V need be developed. 


- A resistor divider is sufficiently accurate since the allowable range 


on pin 5 is from -2.0 to -8.0 volts.., The 5.0 kilohm pulidown 
resistor on the amplifier output is necessary for fast negative 
transitions. i : 

Full scale output may be increased to as much as 32 volts by 
increasing Ro and raising the. +15 V supply voltage to 35 V maxi- 
mum. The resistor divider should be altered to comply with the 


“maximum limit of 40 volts across the MC1723G. Cg may be 
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decreased to maintain the same RQCo product if maximum speed 
is desired. 
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APPLICATIONS INFORMATION (continued) 


Programmable Power Supply 


The circuit of Figure 21 can be used as a digitally programmed 
power supply by the addition of thumbwheel switches and a BCD- 
to-binary converter. The output voltage can be scaled in several 
ways, including 0 to +25.5 volts in 0.1-volt increments, +0.05 volt; 
or 0 to 5.1-volts in 20 mV increments, +10 mV. : 


FIGURE 21 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


Ro 5k 


Co 25 pF 


MC 1408 Series 
MC1508 


Vee -15V 


Ro 
Vo.= Veet = a} 


Settling time for a 10-voit step = 1.0 ys 


Bipolar or Negative Output Voltage 


The circuit of Figure 22 is a variation from the standard volt- 
age output circuit and will produce bipolar output signals. A 
positive current may be sourced into the summing node to offset 
the output voltage in the negative direction. For example, if 
approximately 1.0 mA is used a bipolar output signa! results which 
may be described as a 8-bit ‘1's complement offset binary. Vref 
may be used as this auxiliary reference. Note that Rg has been 
doubled to 10 kilohms because of the anticipated 20 V(p-p) 
output range. 


+15 V 


FIGURE 22 — BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 


Vret 


MC1408 Series 
MC1508 


Vo 


MC1741G 
or Equiv 


Rg =2R14 
R15 = R14 


Al A2 A3 Ad AS AB AT AB 
Vo= a (ROM tet te tt ttt 
R14 2 4 8 6 32 64 128 256 


FIGURE 23 — BIPOLAR OR INVERTED NEGATIVE | 
OUTPUT VOLTAGE CIRCUIT 


A 
ean 
A1A2 A3A4A5A6 A7A8 
O00 90909090 9 Ro 


MC1408 Series . 
MC1508 


MC1741G 
or Equiv - 


For A = 00000000 
bit configuration 


Vo= -Vret 

For a+5.0 volt output range: 
Vref = -5.00 voits 

. R4= RIB= 2,5k2 

C =.37 pF (min) 


-Vret 
: Ro =5k2 


‘ 


Decrease Ro to 2.5 k22 for a O to -5.0-volt output range. 

This application provides somewhat lower speed, as previously 
discussed in the Output Voltage Range section of the General 
Information. 
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APPLICATIONS INFORMATION (continued) 


Polarity Switching Circuit, 8-Bit Magnitude 


‘Plus Sign D-to-A Converter Panel Meter Readout 

Bipolar outputs may also be obtained by using a polarity switch- The MC1408 can be used to read out the status of BCD or 
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus binary registers or counters in a digital contro! system. The current 
asign bit. In this configuration the operational amplifier is switched output can be used to drive directly an analog panel meter. Ex- 
between a gain of +1.0 and -1.0. Although another operational ternal meter shunts may be necessary if a meter of less than 2.0 
amplifier is required, no more space is taken when a dual operational mA full scale is used. Full scale calibration can be done by adjust- 
amplifier such as the MC1558G is used. The transistor should be ing R14 or Vref. 


selected for a very low saturation voltage and resistance. ; 
‘ FIGURE 26 — PANEL METER READOUT CIRCUIT 


FIGURE 24 — POLARITY SWITCHING CIRCUIT 
(8-Bit Magnitude Plus Sign D-to-A Converter) Digital Word From Counter or Register 
MSB ns Ls 


From vy fo} 
Output 
Op-Ampt 


MC1408 Series 
o MC1508 
Vo= VoP - VoP 


1/2 MC 1558G 


or Equiv 
+ 
: Observe internal meter 
Potarity , Ped: Ay=-1 resistance (for pin 4 
Control Bit P=0: AY=+1 voltage swing), 


Programmable Gain Amplifier or Digital Attenuator FIGURE 27 — DC-‘COUPLED DIGITAL ATTENUATOR 


When used in the multiplying mode the MC1408 can be and DIGITAL SUBTRACTION 
applied as a digital attenuator. See Figure 25. One advantage of 
this technique is. that if Rg = 50 ohms, no compensation capacitor 
is needed. The small and large signal bandwidths are now identical Vee Vee 
and are shown in Figure 14. ; 

The best frequency response is obtained by not allowing !44 
to reach zero. However, the high impedance node, pin 16, is 
clamped to prevent saturation and insure fast recovery when the 2 Myst 2 
current through R14 goes to zero. Rg can be set for a+1.0 mA 
variation in relation to 174. !44 can never be negative. 

The output currentis always unipolar. The quiescent dc output 
current level changes with the digital word which makes ac coupling 
necessary. 


MC1741G 
or Equiv 


MC1408 Series 
MC1508 


FIGURE 25 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 


Vs 


MC 1408 Series 


Vret MC1508 


Vo 
When Vs = 0,114 = 2.0mMA 


Vret é Vs 
R14 Rs 


a {A} ne . Vee Vcc 


Vref Vref 2 'o2= lB 
lo-lo1-lo2*ao ! {a} — {5} . 
Ria, Rild Igtlo= lod 
Digital Subtraction: Programmable Amplifier: 
; igi A=B 
Viet 1 Vret2 Connect Digitat Inputs so 
let —--- = — 
R144 R149 
: ‘ 


vo- {a} [st 1 Veet 2 


R144 R149 


in ve | vos St Ro Efa} ~ {8} 


\ 
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APPLICATIONS INFORMATION (continued) 


This digital subtraction application is useful for indicating when 
one digital word is approaching another in value. More information 
is available than with a digital comparator. / 

Bipolar inputs can be accepted by using any of the previously 
described methods, or applied differentially to R144 and R149 
or R154 and R159. Vo will be a bipolar signal defined by the 
above equation. Note that the circuit shown accepts bipolar differ- 
ential signals but does not have a negative common-mode range. 
A very useful method is to connect R144 and R149 to a positive 
reference higher than the most positive input, and drive R154 and 
R159. This yields high input impedance, bipolar differential and 
common-mode range. 


FIGURE 28 — DIGITAL SUMMING and CHARACTER GENERATION 


MC1408 Series 
MC1508 


MC1741G 
or Equiv 


Vref 2 : 
ce MC 1408 Series 


MC1508 


Vo =llo1+!to2) Ro 


fH] Ro 


Vref Vret 2 
Vo = [-— = {AP + — 
2 ee { } 


R149 


in a character generation system one MC1408 circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a 16-bit D-to-A 
converter (see Accuracy Section). 


FIGURE 29,— POSITIVE PEAK DETECTING SAMPLE and HOLD 
(Features indefinite hold time and optional digital output.) 


Reset 


Clock Detect/Hold 


Comparator 
Positive 
Vin 
MC1408 Series 
Vo MC1508 


FIGURE 30 — NEGATIVE PEAK DETECTING 
SAMPLE AND HOLD 


Detect/Hold 


. +16 
Counter 


Comparator 


MC 1408 Series 
MC1508 


Vo@ (load sensitive) 


(= ' es 
VO(max) 256 14 Rin 
Vo(max) = 9 to -5.0 volts c 


FIGURE 31 — PROGRAMMABLE PULSE GENERATION 


20mA 
fron Scale 


JIL 


Switchi 
MC1408 Series gous err 
MC1508 
TL 
Oto 7 OVoIt 


in 4.0 mV steps 


Fast rise and fal! times require the use of high-speed switching 
transistors for the differential pair, Q4 and Q5. Linear ramps and 
sine waves may be generated by the appropriate reference input. 


FIGURE 32 — PROGRAMMABLE CONSTANT CURRENT SOURCE 


+5.0 V (min) 


MC1408 Series 
MC1508 


Ro = B1 62 (100 k2) 
@ 19 =1.0mMA 


*The base of Q2 must be at least 
4 V below supply voltage. 


Current pulses, ramps, staircases, and sine waves may be genera- 
ted by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 
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APPLICATIONS INFORMATION (continued) 


FIGURE 33 — ANALOG DIVISION BY DIGITAL WORD FIGURE 34 — ANALOG QUOTIENT OF Two DIGITAL WORDS 


Vretit) 


MC1408 Series |. MC 1408 Series 
to = Constant . MC1508 MC1508 


fs 1g R14 


MC1408 Series 
MC1508 


191 R144 
-15V . Veet = 
VEE {a} 
Vv 
'o2 “ re {e} 
This circuit yields the inverse of a digital word scaled by a if R144 R149 


constant. For minimum error over the range of operation, IQ can . 

be set at 16 BA so that !14 will have a maximum value of 3.984 : log"loy {at : 

mA for a digital bit input configuration of 00000001. {a 
Compensation is necessary for loop stability and depends on . : 

the type of operational amplifier used. If a standard 1.0 MHz 

operational amplifier is employed, it should be overcompensated 


when possible. If the MC1723 or another wideband amplifier is 
used, the reference amplifier should always be overcompensated. 


FIGURE 35 — ANALOG PRODUCT OF TWO DIGITAL WORDS 
_ {High-Speed Operation) 


Vref 


MC1408 Series MC 1408 Series 
MC1508 MC1508 


ref 


, Vv 
Since Rg = R149 and K arr 
. 4 


log=K {at {e} K can be an anatog variable. 


‘ 
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< 
: APPLICATIONS INFORMATION (continued) 
FIGURE 36 — TWO-DIGIT BCD CONVERSION 
Vec 
Vo 
12 MC1741 
tse | Mc1408L7 or Eauly 
mc1408P7 [10, | 
7 t Most Significant og 
BCD Word Ee 
18k 
MSB 16 0.5% 
Vret 
12 
uss | mc14oace [11] 
- 200 0.5% 
Least Significant 
BCD Word 
MsB 
Voc 
Two, 8-bit, D-to-A converters can be used to build a two digit 4.0 mA and 0.4 mA with the outputs connected to sum the currents. 
BCD D-to-A or A-to-D converter. If both outputs feed the virtual The error of the D-to-A converter handling the least significant 
ground of an operational amplifier, 10:1 current scaling can be bits will be scaled down by a factor of ten and thus an MC1408L6 
achieved with a resistive current divider. If current output is de- may be used for the least significant word. 
sired, the units may be operated at full scale current levels of 
FIGURE 37 — DIGITAL QUOTIENT OF TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 
Vin Clock Reset 
8-Bit Binary 
Counter 
Vref 
MC1408 Series 
MC1508 
The circuit shown is a simple counter- MSB . 
ramp converter., An UP/DOWN counter = = -—-- Sie 
and dual threshold comparator can be Cc : 
used to provide faster operation and con-’ 5 
tinuous conversion. - se Vin/Ro 
Vret/R14 


ey 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for: construction purposes is not convey to the purchaser of the semiconductor devices described any 


necessarily given. The information has been carefully checked ‘and license under the patent rights of Motorola Inc. or others. 
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MC1412 (ULN2002A) 
MC1413  rn20030) 


7 MC1416 (ULN2004A) 


HIGH-VOLTAGE, HIGH-CURRENT 


DARLINGTON TRANSISTOR ARRAYS PERIPHERAL 


DRIVER ARRAYS 


The seven NPN Darlington connected transistors in these arrays : 
are well suited for driving lamps, relays or printer hammers in a‘ : SILICON MONOLITHIC 
variety of industrial and consumer applications. Their high break- INTEGRATED CIRCUITS 
down voltage and internal suppression Wiodes insure freedom from , 
problems associated with inductive loads. Peak inrush currents to 
600 mA permit them to drive incandescent lamps. : 
The MC1411 device is a general-purpose array for use with DTL, 
TTL, PMOS or CMOS Logic. The MC1412 contains a zener diode, 
and resistor in-series with the input to limit input current for use 
with 14 to 25 Volt PMOS Logic. The MC1413 with a 2.7 kQ series 
input resistor is well-suited for systems utilizing 5 Volt TTL or 
CMOS Logic. The MC1416 uses a series 10.5 kQQ resistor and is use- 


ful‘in 8-18 Volt MOS systems. 
: P OR PW SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


MAXIMUM RATINGS (T, = 25°C and rating apply to any one device in the 


package unless otherwise noted.) 


| Input Voltage (Except MC1411) 
Collector Current — Continuous 


Maximum Package Power Dissipation (See Thermal Information Section) 
*Higher voltage selection available. See your local representative. 


DEVICE CROSS-REFERENCE LISTING | 
9665 — SN75476 — ULN2001A — order MC1411P or PW 
9666 — SN75477 — ULN2002A — order MC1412P or PW: 
9667 — SN75478 — ULN2003A — order MC1413P or PW 
9668- = = — ULN2004A — order MC1416P or PW 


5-68 


MC1411, MC1412, MC1413, MC1416 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 


Output Leakage Current 


“*(Vg = 50 V, Ta = +70°C) All Types 
' *(Vo = 50 V, Ta = +70°C, Vj = 6.0 V) MC1412 
*(Vo = 50 V, Ta = +709C, Vj = 1.0 V) MC1416 


Collector-Emitter Saturation Voltage 
(I¢ = 350 mA, Ig = 500 vA) 

(Ic = 200 mA, Ig = 350 ZA) 
(Ic = 100 mA, tg = 250 nA) 
Input Current —"On Condition 


(Vj =17V) MC1412 
(V; = 3.85 V) MC1413 
(V, =5.0V) MC1416 
(Vj =12V) MC1416 


tnput Voltage — On Condition 


(VcE = 2.0 V, Ie = 300 mA) MC1412 
(Veg = 2.0 V, Ic = 200 mA) MC1413 
(VcE = 2.0 V, Ic = 250 mA) MC1413 
(VE = 2.0 V, I¢ = 300 mA) MCi413 
(Vcg = 2.0 V, Io = 125 mA) MC1416 
(VcE = 2.0-V, Ic = 200 mA) MC1416 
(VCE = 2.0 V, Ic = 275 mA) MC1416 
(VCE = 2.0 V, IG =350 mA) MC1416 


Input Current — Off Condition 
(ic = 500 WA, Ta = +70°C) 
DC Current Gain 
(VcE = 2.0V,I¢=350mA) | Mc1411 


Turn-On Delay Time 
(50% Ej.to 50% Eo) 

Turn-Off Delay Time 
(50% Ey to 50% Eq) 


*Higher voltage selections available, contact your local representative. 


Input Capacitance 


Clamp Diode Leakage Current 
(VR = 50 V) 

Ctamp Diode Forward Voltage 
- (Ip =350 mA) 


roy 
m 
x 


VcE (sat) 


Vilon) 


h 


faz 


Seed 


FE 
Cc 
VE 


TYPICAL PERFORMANCE’ CURVES — Ta ‘= 25°C 


FIGURE 1 — OUTPUT CURRENT versus INPUT VOLTAGE 
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FIGURE 2 — OUTPUT CURRENT versus INPUT CURRENT 
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(AA) MOTOROLA Semiconductor Products Inc. 
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MC1411, MC1412, MC1413, MC1416 


d 


- TYPICAL CHARACTERISTIC CURVES — Ta = 25°C (continued) 
FIGURE 3 — TYPICAL OUTPUT CHARACTERISTICS 


Ic, COLLECTOR CURRENT (mA) 


VCE (sat). SATURATION VOLTAGE (VOLTS) 


FIGURE 5 — INPUT CHARACTERISTICS — MC1413 — 
2.5 ——, 


TYPICAL 


B SERIES McMOS 
5.0V 


@5 
20 Tp, = 25°C 


TYPICAL 
MC1413 


5.0V 
1.0 tee 25°C 


4, INPUT CURRENT (mA) 


- Vy, INPUT VOLTAGE (VOLTS) 


FIGURE 4 — INPUT CHARACTERISTICS — MC1412 


1), INPUT CURRENT (mA) 


V,, INPUT VOLTAGE (VOLTS) 


FIGURE 6 — INPUT CHARACTERISTICS — MC1416 
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REPRESENTATIVE CIRCUIT SCHEMATICS 


1/7 MC1413 


(AA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1440G O°C to +75°C Metal Can ~ MC 1 4 40 
MC1440L “0°C to +75°C Ceramic DIP : 
MC1540G —55°C to +125°C Metal Can ‘ 
MC1540L —55°C to +125°C Ceramic DIP : MC l 54 0 


CORE MEMORY 


SENSE AMPLIFIER SENSE AMPLIFIER 


. . consisting of a wideband differential amplifier, a dc restoration 
circuit which also incorporates facilities to externally adjust the 
threshold, and an MDTL output gate which is strobed from saturated 
logic. It is designed to detect bipolar differential signals derived by a 
core memory with cycle times as low as 0.5 ps. 


© Differential Threshoid Characteristics: 
Adjustable Threshold — 10-25 mV 
Nominal Threshold — 17 mV @ Vaqj = 6.0 V 
Input Offset Voltage -- 1.0 mV typical 
Threshold Drift — -10 uV/°C typical 


@ Fast Response Time — 20 ns typical 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
CASE 603B 


Amplifier Output 
(ext. capacitor) 


@ Short Recovery Time : ; 
_ 50 ns max @ Vj = 1.8 V Common Mod 
‘50 ns max @ Vg = 400 mV Differential Mode 


Gate Input ; 
(ext. capacitor) 


(9) Strobe Input 


(8) Output 


MC1540/MC1440 BLOCK DIAGRAM 

Threshold Adjust 
(Vagj) 

Vcc 


Differential 
L SUFFIX 
CERAMIC PACKAGE 
CASE 632 

TO-116° 


Threshold Strobe 
Adjust input 


Amplifier Output 
(ext. capacitor) 
Gate [Input - 


112] Strobe Input 


Differential 
Inputs 


Threshotd Adjust 
(Vagj) 


Threshold 4 5 
’ Adjust. Strobe Input 
(Vaaj) ; j 
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MC1440, MC1540 — 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 
. Rating 


Common-Mode Input Voltage Range VICR 
Output Load Curent 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above 25°C 


Flat Package 
Derate above 25°C 


Plastic and Ceramic DIP 
Derate above 25°C 


Operating Ambient Temperature Range 
.MC1540 0 to 75 °c 
MC1440 -55 to 125 % 


Storage Temperature Range -65 to 150 “Cc 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, Ta = 25°C, Voc = +6.0 Vdc +1.0%, Veg = -6.0 Vde +1% and 
Cext = 0.01 uF) 


Input Threshold Voltage 
(Vagj = -6.0 V, Ta = 25°C) . 17 20 12 17 
(Vadj = -6.0 V, Ta,= Tow’) 17 24 10 17 
(Vagj = -6.0 V, Ta = Thigh”) 17 22 10 f 17 


Input Offset Voitage 


Input Bias Current 
(T,.= 25°C) 
(Ta = Thigh to Tiow) 

Output Voltage — Low Logic State 
(ot = 6.0 mA, ViH(G) = 6.0 V) 
(Ta.=Thigh) _ 

Amplifier Voltage Gain 
(Vj = 15 mV peak) 

Strobe tnput Current.— Low Logic State 
(ViL(s)= OV) 

Strobe tnput urrent — igh Logic State 
(ViHis) = 5.0 V) 

- (ViH(S) = 6.0 V, Ta = Thigh) 


*Tiow = ~95°C for MC1540, 0°C for MC1440 
Thigh = 125°C for MC1540, 75°C for MC1440 


SWITCHING CHARACTERISTICS (Uniess otherwise noted, Vec = 6.0 V, Veg = -6.0 V, Ta = 25°C, Cext = 0.01 nF.) 
MC1440 


Typ. 


MC1440, MC1540 


FIGURE 1 — THRESHOLD VOLTAGE TEST CIRCUIT 
AND WAVEFORMS 


0.01 uF 


To Scope 
(input) 


Pulse 
Generator 


*Minimum differential 
voltage which causes 
output to swing from 
VOoH to Voy level. 


VOH 
Output 


VoL 


ey, 


FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR 
PROPAGATION DELAY TIMES FROM DIFFERENTIAL 
INPUTS TO AMPLIFIER AND GATE OUTPUTS 


To Scope 
0.01 HF (Amplifier 


Output) to scope 
(Gate Output) 


To Scope 
(Input) 


Pulse 
. Generator 


Amplifier 
Output 
Gate VOH 
Output 
VOL 
FIGURE 5 — TEST CIRCUIT AND WAVEFORMS FOR 
DIFFERENTIAL MODE RECOVERY TIME 


To Scope 0.01 uF 
(Input) To Scope 


(Output) 


Pulse 


Pulse 
Generator 


Generator 


NOTE: 
100 mV 


Pulse 
Generator 


FIGURE 2 — AMPLIFIER VOLTAGE GAIN TEST 
CIRCUIT AND WAVEFORMS 
To Scope 
(input) 


To Scope 
(Output) G01. WF 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR 
PROPAGATION DELAY TIME FROM STROBE INPUT 
TO OUTPUT 


0.07 nF +6.0 V 


; To Scope 
-6.0 V_ (Input) 


To Scope 
(Output) 


tTLH <10ns 


tTHL < 10ns 


1.5 V 


FIGURE 6 — TEST CIRCUIT AND WAVEFORMS FOR 


COMMON-MODE RECOVERY TIME 


0.01 uf To Scope 


(Output) 


To Scope 
(Input) 


1 : 
, t 
Output R(CM) 
100 mV 


The output shown is representative of that. obtained, 
- however, the two pulse amplitudes may not be equal 


or even present. input Pulse width equals 200 ns, f= 1.0 MHz. 
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ORDERING INFORMATION 
Device Temperature Range Package 


wie = geo TG Coane oF MC1444 


MC1544F —55°C to +125°C _—Ceramic Flat C 
.MC1544L —55°C to +125°C . Ceramic DIP M 1544 


HIGH-SPEED, LOW THRESHOLD SENSE AMPLIFIERS ; AC-COUPLED 


FOUR-CHANNEL 
SENSE AMPLIFIER 


_ The MC1544 and MC1444 are high-speed quad sense amplifiers an ESHATED CIR CLIT 
for use with plated wire, thin film or other memory systems requiring 
very low threshold sensitivity and narrow pulse widths. Both devices 


feature internal capacitive coupling to. reduce the effects of voltage 
offsets. 


L Suffix 
@ Threshold Level — 1.5 mV (Typ), 100 ns Rectangular Pulse CASE 620 
@ Decoded Input Channel Selection 
@ Output Strobe Capability 


@ DC Levei Restore Gate on Internal Capacitors Eliminates Repe- inputs Inputs 
ae ree “Channel C Channel! B |- 
tition Rate Limitations : 


Inputs inputs 
Channel D Channel A 


FIGURE 1 — BLOCK DIAGRAM 


; Capacitor 
Strobe 111] Restore 
Inputs Input 
VOLTAGE Channel 110) Ground 
REGULATOR al 


© 9 OUTPUT 


F Suffix 
CASE 650 
CHANNEL (> 
SELECT go 
INPUTS | oy 


ONE-OF-FOUR 


DECODER o 6 STROBE 


INPUT ‘Channel C <a ie) }Channel B 
Inputs Inputs 
Channel D <i Channel A 


CAPACITOR; ada 
RESTORE 11 Pe Restore input 
: : Channel! Ground 
INPUT Select | : | 4 
Inputs 


“TRUTH TABLES 


Capacitor 

. Restore 
7(X) | 8(Y)] Selected . 

H = high level (steady state, Vy; 2 Vit min) or Vip >Vith 

L = low level (steady state), Vj <Vj1 (max) Of Vip < Vt 

X = irrelevant (any input, including transitions) = 
J = transition from tow level to high tevel 
“LI = low-level output pulse ¥ 


*Channel A used as an example, other channels 
function similarly. See channel select table. 
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MC1444, MC1544_— —— 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted). 


po Rating OT Ssymbot 


Power Supply Voltages! 1) 


Input Common-Mode Voltage Range . 


Input Differentiat-Mode Voltage Range(2) 


Input Capacitor Restore, Channel Select, and 
Strobe Voltage 


Power Dissipation (Package Limitation) _ 
Derate above Ta = 25°C 


Operating Ambient Temperature Range 
Ty 


Storage Temperature Range -65 to +150 
Operating Junction Temperature | Ty 


(1) All voltage vatues, except differential voltages, are with respect to the network ground terminal. 
(2) Differential input voltages are at A1 with respect to A2, and similarly B1 to B2, C1 to C2, and D1 to D2. 


FIGURE 2 — EQUIVALENT CIRCUIT SCHEMATIC 


13¢ 99 9 9 99 7 ame, . 012 Voc 
CHANNEL , 5, 
sevect *? 
INPUT 
09 OUTPUT 
CHANNEL 
secect Y 8 
INPUT 010 GROUND 
06 STROBE: 
; sin: sa 
Pe ae 
CAPACITOR ¥ 
RESTORE 110 5 Veg 


INPUT j 


RECOMMENDED OPERATING CONDITIONS. 


Characteristic 


input Common-Mode Current 


Input Differential Current 


a (AA) MOTOROLA Semiconductor Products Inc. — 
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MC1444, MC1544 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, specifications apply for 4.75 V < Vcc < 5.25 V,-5.7V > Veg 2 -6.3V, 
Ta = 25°C.) z 


3 
< 


Input Bias Current (Selected Channel) 
Input Offset Current (Selected Channel) 


Channel Select Input Current-High Logic State, 
(Vitg cs) = 3.5 v) ; 
(Vit(cs) = 0 V) - 
Capacitor Restore Input Current - High Logic State, 
(Viricr) * 3.5 V) ; 
Capacitor Restore input Current-Low Logic State, 
(Vic(cR)=OV) - 


Strobe Input Current-High Logic State, 
(Vin(s) =3.5 V) 


Vth 
(Vcc = 5.0 V, VEE = -6.0 V, Ta = Thigh t0 Tlow) (1) see | 


> 


r 
> 


‘= 


Capacitor Restore Input Voltage-Low Logic State VILICR) 


Strobe Input Voltage-High Logic State ViHis) 


Input Common-Mode Voltage Range VicR+ 
VicR- 


Input Differential Voltage Range VioR 
Output Voltage-Low Logic State ~~: VOL 
(iol = 10 mA) ; 


Output Voltage-High Logic State VOH 
: {lo = ~400 uA) 


Positive Power Supply Current : 
Negative Power Supply Current | lee | 


‘SWITCHING CHARACTERISTICS (unless otherwise noted, Ta = 25°C, Vcc = 5.0 V, Veg = -6.0 V) 


Differential Inputs to High Logic State Output : 
Differential Input to Low Logic State Output 
Strobe Input to High Logic State Output : 
Strobe Input to Low Logic State Output . 
Lead Time from Channel Select Input to 
Application of Differential Input Voltage 
Lead Time from Application of a 50 mV Offset po ee Race 
Signal to. Application of the Capacitor Restore Signal : 
Se a es Be a a 


mA 


g 
-} 
<g 
> 
AD 
= 
fend 
oO 
o¢ 
<3 
~ oo 
“3 
cad 
rr 
fe] 
= 
rc 
° 
a, 
rey 
n 
cad 
a 
ia 
@o 
rad 
sons 
E 
oi os ry 
ulo™n oO = 
° 
N 
ia 
ulo - 
@ ° 
Oo ~ 


T 


< 
3s 


Lead Time frofn Application of Strobe Input to 
Application of Differential Input Signa! : 
Lead Time from Application of Capacitor Restore 
Signal to Application of Differential Input Signal 
Common-Mode Recovery Time 

{@ing = +2.0 V) 
(ein = -2.0 V) 
Differential-Mode Recovery Time .- 
{e@jnq = +1.0 V) 
(@inq = -1.0 V) 


{1) Thigh = 125°C for MC1544, 75°C for MC 1444. 
Tlow = -55°C for MC1544, 0°C for MC 1444. 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC 1444, MC1544 


—g 
Es 


FIGURE 3 — THRESHOLO 
VEE ; 


CHANNEL SELECT 


CHANNEL SELECT 


Vee 


CAPACITOR RESTORE 


STROBE 


Cy includes probe, wiring, and load capacitance. 


VOLTAGE TEST CIRCUIT 


~ 


FIGURE 4 — SWITCHING CHARACTERISTICS TEST CIRCUIT 
VEE ; 


CHANNEL SELECT 


50 


50 


FIGURE 5 — THRESHOLD VOLTAGE TEST 
Vth ---- 


iy 
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"3 CHANNEL 
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8 3V 
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RESTORE 


Ping 
STROBE 


Sout TTL UM 
GATE 
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NOTE: ein, 


and fing to be normal or inverted {dotted line) 


as necessary to select desired channel. For 


Ping Ging TTL 
tTHL 


.< 10 ns 


CHANNEL SELECT 


Vec . 


LATCH RESET LINE 
CAPACITOR RESTORE 


STROBE 


Ciodes are 1N916 or equivalent 
CT includes probe, wiring, and load capacitance. 


FIGURE 6 — tL (C$). tL(CR)- tL(S)- tPLH(D) 
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(AA) MOTOROLA Semiconductor Products Inc. 
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MC1444,MC1544_—. 
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ViLis) 
Vth 
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FIGURE 8 — tpLHics). tPHL(CS) 
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DEFINITIONS 


Output Voltage — High Logic State 
Output Voltage — Low Logic State 
The minimum high-level voltage at the strobe input which 
will allow norma! operation during the threshold test 

- The maximum low-level voltage at the strobe input which 
will result in VQ} at the output regardless of in- 
put signals 
The minimum input. signal (ein) required to drive the 
MTTL III gates to obtain the eg waveform shown in 
Figure 5 
The maximum common-mode input voltage that will 
not saturate the amplifier 
The minimum common-mode input voltage that will not 
break down the amplifier 
The minimum high-level voltage at the capacitor restore 
input required to insure that the capacitors are clamped 
i.e., the input threshold voltage is greater than 10 mV 

- The maximum low-level voitage at the capacitor restore 
input which will allow normal operation during the 
threshold test 
The minimum high-level voltage: at a channel select in- 
put required: to insure that the total of the base currents 
of all unselected inputs is less than 1.0 vA 
The maximum low-level voltage at a channel select in- 
put required to insure that the total of the base currents 
of all unselected inputs is less than 1.0 uA ”* 
The maximum differential-mode input voltage that will 
not saturate the amplifier 
Output Source Current — High Logic State 
Output Sink Current - Low Logic State 
The current into the strobe input when the input is at a 
high-level of 3.5 volts 


The current into the strobe input when the input is at a 
low-level of 0 volts 


The minimum time between the 50% level of the trailing 
edge of a + or - 2 volt common-mode signal (tT LH. tTHL 
< 15 ns) and the 50% fevel of the leading edge of a 
5 mV input pulse when the capacitor restore and strohe 
inputs are used ina normal manner as shown in Figure 22 
The minimum time between the 50% level of the leading 
edge of a 50 mV input offset signal and the 50% level of 
the leading edge of the capacitor restore pulse as shown 
in Figure 9 


~ tL(CR) 


tL(cs) 


tPLH(CS) 


tPHLICS) 


tDMR+t 


tPLH(D) 


tPHL(D) 


~ tL(s) 


tPLH(S) 


tPHL(S) - 


HHICS) 
NIH(CR) 
NICS) 


NILICR) 


FIGURE 9 — tLicRo) 


in 5mV ioe 
COMPOSITE (no scale) | 50% - 
INPUT 50 mV - ” ! 
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: | 
e my 
"2 cHanneL 34 ~~ i 
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e : a ans 
m3 cuanner °Y iz t \ 
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O~ 1 tL(cs0) 
ting 3V 
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eas f 
e. 3 Vv ne oad t 
ng 
> STROBE | i \ 
0 to 
Vou 
e, 
out QuTPUT : 15V | \ f 
: Ft een n a 
; tPHL 1 bk 
NOTE: <1 
OE tn 


The minimum time between the 50% level of the leading 
edge of the capacitor restore signal and the 50% level of 
the leading edge of a 5 mV input signal as shown in 
Figure 6 , 

The minimum time between the 50% level of the leading 
edge of the channel select and the 50% level of the 
leading edge of a 5 mV input signal .as shown in Figure 6 
The delay time from the 50% level of the trailing edge of 
the channel select signal to the 1.5 volt level of tne 
positive edge of the output when the input to the selected 
channel is held at the ‘1 level-as shown in Figure 8 
The delay time from the 50% level of the leading edge of 
the channel select signa! to the 1.5 volt fevel of the 
negative edge of the output when the input to the select- 
ed channel is held at the ‘1’ fevel as shown in Figure 8 


The minimum time between the 50% level of the trailing 
edge of a + or - 1 volt differential-mode signal (tTLH, 
tTHL S15 ns) and the 50% level of the leading edge of 
a 5 mV input pulse when the capacitor restore and strobe 
inputs are used in a normal manner as shown in Figure 23 
The delay time from the 50% level of the traiting edge 
of a 5 mV input signal to the 1.5: volt level of the posi- 
tive edge of the output as shown in Figure 6 

The delay time from the 50%, level of the leading edge 
of a 5 mV input signal to the 1.5 volt level of the nega- 
tive edge of the output as shown in Figure 6 
The minimum time between the 50% fevet of the leading 
edge of the strobe and the 50% level of the leading edge 
of the input signal as shown in Figure 6 © 

The delay time from the 50% level of the trailing edge 
of the strobe to the 1.5 volt level of the positive edge of 
the output when the input is held at the nth Logic Level 
as shown in Figure 7. 

The delay time from the 50% level of the leading Silas 
of the strobe to the 1.5 volt ievel of the negative edge of 
the output when the input is held at the High Logic 
Level as shown in Figure 7 

The current into the channel select input when the input 


__ is at a high-level of 3.5 volts. 


The current out of the capacitor restore input when the 
input is at a low-level of 0 voits 

The input. current to a channel select input when that 
input is at a high-level of 3.5 volts . 

The current into a channel select input when the input 
is at a low-level of 0 volts 


(AA) MOTOROLA Semiconductor Products Inc. 
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TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted) 


FIGURE 10 — THRESHOLD VOLTAGE versus TEMPERATURE FIGURE 11 — THRESHOLD VOLTAGE versus POWER SUPPLIES 


Vin. THRESHOLD VOLTAGE (mV} 
Vth. THRESHOLD VOLTAGE (mv) 


T, TEMPERATURE (°c) 


FIGURE 12 — THRESHOLD versus INPUT OF FSET VOLTAGE 


Vey» THRESHOLO VOLTAGE (mv) 
Viiv THRESHOLD VOLTAGE (mV) 


Vig. INPUT OFFSET VOLTAGE (mV) - PW, PULSE WIDTH (ns) 
; (10% LEVEL OF TRIANGLE) 
FIGURE 14 — OUTPUT VOLTAGE FIGURE 15 — SENSE AMPLIFIER RESPONSE 


versus CURRENT and TEMPERATURE versus TEMPERATURE (See Figure 3 and 6) 


Vo, OUTPUT VOLTAGE LOGIC STATE (mV) 


lot, OUTPUT CURRENT-LOW LOGIC STATE (mA) 


(AA) MOTOROLA Semiconductor Products Inc. 
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TYPICAL CHARACTERISTICS (continued) 


_ FIGURE 17 — CAPACITOR RESTORE 
FIGURE 16 — INPUT IMPEDANCE versus FREQUENCY TIME versus INPUT OFFSET VOLTAGE 


2 
th ee g 
: ois i 3 
: FRCS ; 
2 ee : 
= = 
= 
z = 
Fy 
f, FREQUENCY, MHz a Vio INPUT OFFSET VOLTAGE (mV) 
FIGURE 18 — AMPLIFIER INPUT TO FIGURE 19 — STROBE TO 
OUTPUT TRANSFER CHARACTERISTIC OUTPUT TRANSFER CHARACTERISTICS 
icra ee os ee 
ee ee est els 


& 
=] 


- Vg, OUTPUT VOLTAGE, PIN 9 (VOLTS) 
Vo, OUTPUT VOLTAGE (VOLTS) 


0 0.5 1 15 2.0 
V1, INPUT VOLTAGE (mV) Vi(s), STROBE INPUT vo LTAGE (VOLTS) 
_ FIGURE 20 — CHANNEL SELECT X to FIGURE 21 — CHANNEL SELECT Y to 
OUTPUT TRANSFER CHARACTERISTICS : OUTPUT TRANSFER CHARACTERISTICS 


+1260C, Veg = -6.7'°V 
+126°C, Veg = -6.0V 


+1259C, Veg =-6.3 V 
+1259C, Veg = -6.0V 


Pe -6.0 


ce 


ia ce a ee 
I eS Se 


0 ; 1.0 ys 2.0 3.0 4.0 


+259C, VEE = - OV 


Vo; OUTPUT VOLTAGE, PIN 9 (VOLTS) 


Vg, OUTPUT VOLTAGE, PIN 3 (VOLTS) 
—_ 


Vi(cs), CHANNEL SELECT INPUT VOLTAGE, Pin 7(VOLTS) - : ; Vics), CHANNEL SELECT INPUT VOLTAGE, Pin 8 (VOLTS) 


(AK) MOTOROLA Semiconductor Products Inc. 
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FIGURE 22 — COMMON-MODE CHARACTERISTICS 
Note: The 5mV Input Signal (Differentiat} is superimposed on the 
as i 


pao voce, 


—a— 


Common-Mode Input and is shown separately for reference only. 


PEERS ETET ST ESTATES BDOTEED 
\ COMMON-MODE INPUT 2 Y/pIVv f 
SIGNAL INPUT 10 mV/p)y oo~. 


COMMON-MODE INPUT 2 V/DIV 


CAPACITOR RESTORE 9 V/DIV 


SIGNAL INPUT: 10 AV piv 


STROBE INPUT 5 Vipiv 


CAPACITOR RESTORE 9 V/piv 


STROBE INPUT 5 V/DiV 
OUTPUT 25 V/DIV 


ouTPuT 2.5 Vioiv 


a 

\ 
H 
5 
\ 
\ 


“25 Ss/piV | 
FIGURE 23 — DIFFERENTIAL-MODE CHARACTERISTICS 


Note: The S5mV Input Signal is superimposed on the Differential 
input and is shown separately for reference only. 


E 


NTIAL INPUT 1 Vipiv 


SIGNAL INPUT 10 mV/pIV Pane ae 
ne Sn nlaoiecoomss 


CAPACITOR RESTORE 5 V/DIv 


STROBE INPUT 5 V/Div 


output 2:5 Vipiv 


25 "S/DIV — iL 


MOTOROLA Semiconductor Products Inc. 
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MC1472 


UAL PERIPHERAL 
POS/FIVE “NAND” DRIVER 


MONOLITHIC SILICON 
INTEGRATED CIRCUITS 


DUAL PERIPHERAL-HIGH-VOLTAGE 
POSITIVE “‘NAND” DRIVER* 


The dual driver consists of a pair of PNP-buffered Schottky AND 
gates connected to the bases of a pair of high-voltage NPN transistors. 
They are similar to the MC75452 drivers but with the added advan- 


tages of: 1) 70 Volt capability 2) output suppression diodes and 
3) PNP buffered inputs.for MOS compatibility. These features make 
the MC1472 ideal for mating MOS logic or microprocessors to 
lamps, relays, printer hammers and incandescent displays. 


300 mA Output Capability (each transistor) 

70 Vdc Breakdown Voltage 

Internal Output Clamp Diode 

Low Input Loading for MOS Compatibility (PNP buffered) 


: CROSS REFERENCE : 
: UDN-5712 — SN75475 — MC1472 


MAXIMUM RATINGS (Ta, = 25°C, Note 1). 


Supply Voltage 
Input Voitage , . 


U SUFFIX P1 SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693 CASE 626 


Output Voltage 
Clamp Voltage 


Operating Junction Temperature , 
‘Cerarnic Package : 
Plastic Package 


Positive Logic: Y=AB* , 


Storage Temperature Range TRUTH TABLE 


Note 1:. “Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. ‘The ‘Table of Electrical Characteristics’ pro- 
vides conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage ; 


H = Logic One 
L = Logic Zero 


, Temperature 


mci1472u | — «| 0 t0 +70°¢ | Ceramic DIP 
Mc1472P1]— ~—s| Oto +70°c | Plastic DIP 


This is advance information and specifications are subject to change without notice. 
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MC1472 


ELECTRICAL CHARACTERISTICS Uniess otherwise noted min/max limits apply accross the 0°C to 70°C temperature range with 
45 V + Voc + 55 V. All typical values are for Ta.= 25°C, Vcc = 5 Volts. 


Symbol 
Input Voltage — High Logic State | vin | 
Input Voltage — Low Logic State . | ov | 


Input Current — Low Logic State 
(Vi_ =0.4V) 
A input 
B Input 


yp 


Input Current — High Logic State | 
(Vip = 2.4V) 
A input 
B Input 
(Ving = 5.5V) 
A Input 
B Input 


Input Clamp Voltage 
(jc = -12mA) . 


Output Leakage Current — High Logic State 
(Vo = 70V, See test Figure) 


Output Voltage — Low Logic State “~ 
(Igo = 100 mA) 
(loi = 300 mA) 


Output Clamp Diode Leakage Current 
(Vc = 70V, See test Figure) ; 
Output Clamp Forward Voltage 
(lec = 300 mA See test Figure) ; 
Power Supply Current 
(All Inputs at Vip) 
(All tnputs at Vy) : 


NOTE: All currents into device pins are shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise 
noted: : 


-_ 
~ 


VIH 
Vit 
Ne 
Vie 
VoL 
loc 
VFc 
‘cc 


= : o° 
a is. 3 


2.0 


s 
°o 


SWITCHING CHARACTERISTICS Vcc = 5.0V, Ta = 25°C 


| Propagation Delay Time 
Output High to Low 


Output Low to High 


Output Transition Time 
Output High to Low ° 
Output Low to High 


@&) MOTOROLA Semiconductor Products Inc. 
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MC1472, a TH 


Vin & Vie 
Per Truth Table 


SWITCHING TEST CIRCUIT AND WAVEFORM 


+50 V To Scope 
(Output) 


To 
Scope 
(Input) 


30 pF 
Includes Probe 
and Stray 


Pulse 
Generator 


Vou 
OUTPUT 
VoL 


= @) MOTOROLA Semiconductor Products inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1488L O°C to +75°C Ceramic DIP 


MC1488 


QUAD MDTL LINE DRIVER 
, : RS-232C 
QUAD LINE DRIVER SILICON MONOLITHIC 


: INTEGRATED CIRCUIT . 
The MC1488 is a monolithic quad line driver designed to inter- 


face data terminal equipment with data communications equipment 
in conformance with the specifications of E1A Standard No. RS-232C. 


Features: 


® Current Limited Output 
+10 mA typ 
Power-Off Source Impedance Lpuriix 
. - . CERAMIC PACKAGE ~ 
300.0hms min . CASE 632 _ 
Simple Slew Rate Control with External Capacitor ; TO-196 


Flexible Operating Supply Range ; PIN CONNEG?TIONE 
Compatible with All Motorola MDTL and MTTL Logic Families 


TYPICAL APPLICATION 


LINE DRIVER INTERCONNECTING LINE RECEIVER 
MC1488 : CABLE Mc1489 


a TN 
io 


| 
interconnectinc | 
MOTL LOGICINPUT abe apie 0 ft MDTL LOGIC OUTPUT 


| | 


CIRCUIT SCHEMATIC 
(1/4 OF CIRCUIT SHOWN) 


Vcc 140 
PINS 4,8, 120R 2 
INPUT 


INPUT 
PINS 5, 10, 13 


OUTPUT 
PINS 6,8, 11 OR 3 
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MC1488_ 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Output Signal Voltage 


. [Power Derating (Package Limitation, Ceramicand Plastic Dual -In-Line Package) 
Derate above Ta, = +25°C 


Storage Temperature Range , ~65 to +175 


: Characteristic 
Input Current — Low Logic State (Vj, = 0) 
-| Input Current — High Logic State (Vy = 5.0 V) 


Output Voltage — High Logic State 
(Vi = 0.8 Vde, RL = 3.0k2, Voc = +9.0 Vdc, VEE = -9.0 Vde) 


| (Vi_ = 0.8 Vde, RL= 3.0 kQ, Voc = +13.2 Vde, Veg = -13.2 Vdc) 


Output Voltage — Low Logic State : 
(Vipy = 1.9 Vde, RE = 3.0 k2, Voc = +9.0 Vde, Veg = -9.0 Vdc) 


(Vin = 1.9 Vde, RL= 3.0 k&, Veg = +13.2 Vde, Veg = -13.2 Vde) 


Positive Output Short-Circuit Current (1) . 
Negative Output Short-Circuit Current (1) 
Output Resistance (Vcc = Veg = 0, | Vo | = 2.0 V) 


Positive Supply Current (Ry1 = 00) 
(Vip = 1.9 Vde, Voc = +9.0 Vdc) 
(Vit, = 0.8 Vde, Voc = +9.0 Vdc) 
(Vip = 1.9 Vde, Voc = +12 Vde) 
(Vit = 0.8 Vde, Voc = +12 Vde) 
(Vip, = 1.9 Vde, Voc = +15 Vde) 
(Vit =0.8 Vdc, Voc = +15 Vde) 


Negative Supply Current (Ri = oo} 
(Vip = 1.9 Vde, Veg = -9.0 Vdc) 
(Vj_ = 0.8 Vde, Veg = -9.0 Vdc) 
(Vip = 1.9 Vde, Veg = -12 .Vde) 
(Vj_ = 0.8 Vde, Veg = -12 Vdc) 
(Vix = 1.9 Vde, Veg = -15 Vde) 
(Vi_ = 0.8 Vde, Veg = -15 Vdc) 

Power Consumption 


(Voc = 9.0 Vde, Veg = -9.0 Vdc) 
(Veco = 12 Vdc, Veg = -12 Vdc) 


Propagation Delay Time .(z; = 3.0 k and 15 pF) ‘ 
Fall Time (zy = 3.0 k and 15 pF) 
_ | Propagation Delay Time (z; = 3.0 k and 15 pF) taf 


Rise Time (z) = 3.0 k and 15 pF) 


(1) Maximum Package Power Dissipation may be exceeded if ali outputs are shorted simultaneously. 
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MC1488 


CHARACTERISTIC DEFINITIONS 


FIGURE 1 — INPUT CURRENT 


49V -9V 


em ne ee eee ee ee ee ee 


“f Th 


ike 


FIGURE 2 — OUTPUT VOLTAGE 
+*9V0«O-3V 


FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT FIGURE 4 — OUTPUT RESISTANCE (POWER-OFF) 


Vec VEE 


Vcc 


_ ein 
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Vo 
£2 Vde 


£6.6 mA Max 


FIGURE 6 — SWITCHING RESPONSE | 


, 


tTHL. and tTLH Measured 10% to 90% 


MC 1488 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 7 — TRANSFER CHARACTERISTICS FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT 
versus POWER-SUPPLY VOLTAGE . versus TEMPERATURE 
+12 = 
A GL vate a Z rl 
+9.0 -—] £ 
2 ia 
a 46.0 ++ ey cc = VEE = Fe 
> = > 
430 Sel Ce A A Voc = Vee=*8V re ae 
: ee: ies 
e E 
wel > 
oO oO 
; i 
ad = 
3 5 
= 
Oo tt 
> = ae 


' 0 02 04 O8 08 1.0 1.2 14 (16 1.8 2.0 ~55 0 +26 +75 +12 
Vin INPUT VOLTAGE (VOLTS) T, TEMPERATURE (°C) 


a 


FIGURE 10 — OUTPUT VOLTAGE 
FIGURE 9 — OUTPUT SLEW RATE versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS 
1000 


SLEW RATE (VOLTS/us) 
'g, OUTPUT CURRENT (mA) 


1.0 100 1,000 10,000 -16 -12 -8.0 -4.0 0 +4.0 +8.0 +12 «+16 
CL, CAPACITANCE (pF) : Vo, QUTPUT VOLTAGE (VOLTS) 


FIGURE 11 — MAXIMUM OPERATING TEMPERATURE 
versus POWE R-SUPPLY VOLTAGE 


Voc. VEE, POWER SUPPLY VOLTAGE (VOLTS) 


5-88 


MC 1488 


APPLICATIONS INFORMATION 


The Electronic industries Association (EIA) has released the 
RS232C specification detailing the requirements for the interface 
between data processing equipment and data communications 
equipment. This standard specifies not only the number and type 
of interface leads, but also the voltage levels to be used. The 
MC1488 quad driver and its companion circuit, the MC1489 
quad receiver, provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels. The RS232C 
requirements as applied to drivers are discussed herein. 


The required driver voltages are defined as between 5 and 15- 
voits in magnitude and are positive for a logic ‘‘O’’ and negative for 
a logic ‘1’. These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
this voltage requirement by converting a DTL/TTL logic level into 
RS232C levels with one stage of inversion. _ 

The RS232C specification further requires that during transi- 
tions, the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 


FIGURE 12 — SLEW RATE versus CAPACITANCE 
FOR Igc = 10 mA 


a 
2 
8 
ws 
bs 
= 
Zz 

co 

TT ual 

‘a Saint mecca N 

1.0 100 1000 10,000 


C, CAPACITANCE (pF) 


fast for this requirement. The current limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = tgg x AT/AV from which Figure 12 is 
derived. Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

_ The interface driver is also required to withstand an accidental 
short to any other conductor in an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC 1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power-supply voltages are greater than 9.0 voits (i.e., 
Vcec29.0 V; VeE<-39.0 V). In some power-supply designs, a loss 
of system power causes a !ow impedance on the power-supply out- 
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MC 1488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted. 
to plus or minus 15 volts, the power dissipation in these resistors 


FIGURE 13 — POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 


ens ee ie 
6 8 


} 


° 


? 


S 
' 
tb 
—d 
1 
‘ 
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would be excessive. Therefore, if the system is designed to permit 
tow impedances to ground at the power-supplies of the drivers, a 
diode should be placed in each power-supply lead to prevent over- 
heating in this fault condition. These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages in a 
system. (These same diodes will allow the MC1488 to withstand 
momentary. shorts to the +25-volt limits specified in the earlier 
Standard RS$232B.). The addition of the diodes also permits the 
MC1488 to withstand faults with power supplies of less than the 
9.0 voits stated above. . 

The maximum short-circuit current allowable under fault con- 
ditions is more than guaranteed by the previously mentioned 
10 mA output current limiting. 


Other Applications 


The MC1488 is-an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: : 

1. Output Current Limiting — this enables the circuit designer 
to define the output voltage /evels independent of power-supplies 
and can be accomplished by diode clamping of the output pins. 
Figure 14 shows the MC1488 used as a DTL to MOS translator 
where the high-level voltage output. is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS input level limit. 


2. Power-Supply Range — as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match- 
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required for driving the negative pulldown 
section) to the maximum specified 15 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 voits of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out- — 
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C tines, the remainder could 
be used for DTL to MOS or even DTL to DTL translation. Figure 15 
shows one such combination. 
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FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR 


+12 V 


1/4 MC1488 
MDTL 


MTTL 
INPUT. 


MOS OUTPUT 
(WITH Vsg = GND) 


“12 -12V 
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FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS 


MRTL OUTPUT 
-0.7 V to +3.7 V 


MDTL OUTPUT 
~0.7 V to +5.7 V 


MHTL OUTPUT 
-0.7 V to 10V 


MOS OUTPUT 
-10VtoOV 


ORDERING INFORMATION 
Device Temperature Range Package — 
MC1489L orc to +75°C Ceramic DIP MC 14 89 L 
MC1489AL 0°C to +75°C Ceramic DIP 


MC1489AL 


QUAD MDTL 
LINE RECEIVERS 
QUAD LINE RECEIVERS — RS-232C 


SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

The MC1489 monolithic quad line receivers are designed to inter- , 
face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS-232C. 


Input Resistance — 3.0 k to 7.0 kilohms 
Input Signal Range — +30 Volts 
Input Threshold Hysteresis Built In 


Response Control Response 2] 
a) Logic Threshold Shifting Cantrate 


b) Input Noise Filtering ; Output A Response 


Control D 


Response 
Contro! 8 


TYPICAL APPLICATION 


LINE DRIVER LINE RECEIVER 
MC 1488 INTERCONNECTING MC1489 
i CABLE dees ~\ 
ag ee L SUFFIX 
: CERAMIC PACKAGE 
. CASE 632 
\ | ; TO-116 


| ~ INTERCONNECTING | 


MDTL LOGIC INPUT——sfe— CABLE = ==} MOTL LOGIC OUTPUT 


CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN) 


RESPONSE CONTROL 2 O O 30UTPUT 


MC 1489 'MC1489A 
Ref kof 2ke — 
O ROUND 


591 


-MC1489L, MC1489AL 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Package) 
Derate above Ta = +25°C 


Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Voc = +5.0 Vde £1%, Ta = 0 to +75°C unless otherwise noted) 


Characteristics 


Positive Input Current 
Negative Input Current 


Input Turn-On Threshold Voltage 
(Ta = +25°C, Vo_ $0.45 V) 


Input Turn-O ff Threshold Voltage 


(Vip = +25 Vde 
(Vy = +3.0 Ve) 


(VL; = -25 Vde) 
(Vi_ = -3.0 Vde) 


MC 1489 
MC1489A 


(Ta = +25°C, Voy 22.5 V, IL = -0.5 mA) ‘MC 1489 

MC 1489A 
(Vin = 0.75 V, iL = -0.5 mA) 
(Input Open Circuit, I, =-0.5 mA) 
(Viz = 3.0 V, IL = 10 mA) 


Output Voltage High 


Output Voltage Low 
Output Short-Circuit Current 
Power Supply Current . 


Power Consumption 


(Vin= +5.0 Vde) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 Vde + 1%, Ta = +25°C) 


Propagation Delay Time 
Rise Time 
Propagation Delay Time 


Fall Time 


(Ry = 3.9 kQ) 
(Ru = 3.9 kQ) 
(R_ = 390 2) 


ew 
a 
Pee) 
(Vi H= +5.0 Vdc) I ot 
Boal 
eee 
oe 
ee 


(Ry = 390 2) 
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MC1489L, MC1489AL 


- TEST CIRCUITS 
. : Vv 
FIGURE 7 — INPUT CURRENT It r FIGURE 2 OUTPUT VOLTAGE | 
I iLH and INPUT THRESHOLD VOLTAGE 
+5 Vde VIHL +5 Vde 
a ; 
14 OPEN 14 


All diodes 
MC833 
or equiv 


Eo 


tTLH and tTHL 
measured 
10% - 90% 


Cy = 15 pF = total parasitic capacitance, which includes © 
probe and wiring capacitances 


Vcc 


ie ae 
O 


NR 


w 9 


FIGURE 6 —- RESPONSE CONTROL NODE 


“VR 


0 
V4 
MC1489A 


RESPONSE NODE 


Vin 


C, capacitor is for noise filtering. 
R, resistor is for threshold shifting. 


i 
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MC1489L, MC1 489AL 


TYPICAL CHARACTERISTICS 


5.0 Vde, Ta = +25°C unless otherwise noted) 


(Vcc 


FIGURE 8 — MC1489 INPUT THRESHOLD 


FIGURE 7 — INPUT CURRENT 


VOLTAGE ADJUSTMENT 


fesse ff, 
x~<+o2> 
= => 


CES 


pp Ne 


(WW) LNSHYND LNdNI'T) 


2.0 +3.0 


Vy, INPUT VOLTAGE (Vde) 


Vin. ae VOLTAGE (VOLTS) 


FIGURE 9 — MC1489A INPUT THRESHOLD 


FIGURE 10 — INPUT THRESHOLD VOLTAGE 
versus TEMPERATURE 
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FIGURE 11 — INPUT THRESHOLD versus 


POWER-SUPPLY VOLTAGE 
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MC1489L, MC1489AL 


APPLICATIONS INFORMATION 


General Information 


The Electronicindustries Association (E 1A) hasreleased the RS- 232¢ 
specification detailing the requirements for the interface between 
data processing equipment and data communications equipment. 
This standard specifies not only the number and type of interface 
leads, but alsd the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad receiver, 
provide a complete interface system between DTL or TTL logic 
levels and the RS-232C defined levels. The RS-232C requirements” 
as applied to receivers are discussed herein. 

The required input impedance is defined as between 3000 ohms 
and 7000 ohms for input voltages between 3.0 and 25 voits in 
magnitude; and any voltage on the receiver input in an open circuit 
condition must be less than 2.0 volts in magnitude. The MC1489 
circuits meet these requirements with a maximum open circuit volt- 
age of one Vee (Ref. Sect. 2.4). 

The receiver shall detect a voltage between -3.0 and -25 volts 
as a logic ‘'1’’ and inputs between +3.0 and +25 volts as a logic ‘‘0" 
(Ref. Sect. 2.3). On some interchange leads, an Open circuit or 
power "“OFF’’ condition (300 ohms or more to ground) shail be 
decoded as an “OFF” condition or logic ‘1’ (Ref. Sect. 2.5). For 
this reason, the input hysteresis thresholds of the MC 1489 circuits 
are all above ground. Thus an open or grounded input will cause 
the same output as a negative or logic ‘1"’ input. 


Device Characteristics - 


The MC1489 interface receivers have internal feedback from the 
second stage to the input stage providing input hysteresis for noise 


FIGURE 12 — TURN-ON THRESHOLD versus CAPACITANCE 
’ FROM RESPONSE CONTROL PIN TO GND 


MC1489L 


Ein, AMPLITUDE (VOLTS) 


PW, INPUT PULSE WIDTH (ns) 


rejection. The MC1489 input has typical turn-on voltage of 1.25 
volts and turn-off of 1.0 voit for a typical hysteresis of 250 mV. 
The MC1489A has typical turn-on of 1.95 volts and turn-off of 
0.8 volt for typically 1.15 volts of hysteresis. 

Each receiver section has an external response control node in 
addition to the input and output pins, thereby allowing the design- 
er to vary the input threshold voltage levels. A resistor can be 
connected between this node and an external power-supply. Fig- 
ures 6, 8 and 9 illustrate the input threshold velizae shift possible 
through this technique. 

This response node can also be used for thé filtering of high- 
frequency, high-energy noise pulses. Figures 12 and 13 show 
typical noise-pulse rejection for external capacitors of various sizes. 

These two operations on the response node can be combined _ 
or used individually for many combinations of interfacing appli- 
cations. The MC 1489 circuits are particularly useful for interfacing 
between MOS circuits and MDTL/MTTL logic systems. In this 
application, the input threshold voltages are adjusted (with the . 
appropriate supply and resistor values) to fall in the center of the 
MOS voltage logic levels. (See Figure 14) 

The response node may also be used as the receiver input as 
long as the designer realizes that he may not drive this node with 
a !ow impedance source to a voltage greater than one diode above 
ground or less than one diode below ground. This feature is 
demonstrated in Figure 15 where two receivers are slaved to the 
same line that must still: meet the RS-232C impedance requirement. ~ 


FIGURE 13 — TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND . 


MC1489AL 


Ein, AMPLITUDE (VOLTS) 


PW, INPUT PULSE WIDTH (ns} 
\ 
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APPLICATIONS INFORMATION (continued) 


FIGURE 14 — TYPICAL TRANSLATOR APPLICATION — 
MOS TO DTL OR TTL 
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XC26S10 
XC26S11 


Product Preview 


QUAD OPEN-COLLECTOR 
BUS TRANSCEIVERS 


QUAD OPEN-COLLECTOR BUS TRANSCEIVERS 
SCHOTTKY 


SILICON MONOLITHIC 


These quad transceivers are designed to. mate Schottky TTL or 
INTEGRATED CIRCUIT 


NMOS logic to a low impedance bus. The Enable and Driver inputs 
are PNP buffered to ensure low input loading. The Driver:(Bus) out- 
put is open-collector and can sink up to 100 mA at 0.8 V, thus the 
bus can drive impedances as low as 100 Q. The receiver output is 
active pull-up and can drive ten Schottky TTL loads. 

An active-low Enable controls all four drivers allowing the outputs 
of different device drivers to be connected together for party-line 
operation. The line can be terminated at both ends and still give 
considerable noise margin at the receiver. Typical receiver threshold 
is 2.0 V. 

Advanced Schottky processing is utilized to assure fast propaga- 
tion delay times. Two ground pins are provided to improve ground 
current handling and allow. close decoupling between Vcc and 
ground at the package. Both ground pins should be tied to the 
ground bus external to the package. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


’ P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Driver Can Sink 100 mA at 0.8 V (Max) 
PNP Inputs for Low-Logic Loading 
Typical Driver Delay = 10 ns - 

Typical Receiver Delay = 10 ns 
Schottky Processing for High Speed PIN CONNES TIONS 


Inverting Driver — XC26S10 
Non-inverting — XC26S11 


TYPICAL APPLICATION 


Driver 
‘Input C 


Enable 


Driver 
Inputs 
*C25S10/ 
11 
Receiver 
Outputs 


) Enable 


Enable E 


= 
° 
Oo 


Driver 
Inputs 


Receiver 
Outputs 


*Inverter on XC26S11 only. 
TRUTH TABLE 


| Diver |__| 
‘input _[ 26570 | 


L L H L 
L H L H 
H x Y Y 


_= Low Logic State 


Receiver 
Output 
= High Logic State 


L 
Y 
L 
H 
X = ‘Irrelevant 
Y 


= Assumes condition controlled 
by other elements on the bus 


Driver 
Inputs 


Receiver 
Outputs 


Driver 
Inputs 
. XC25S10/ 
: 11 
Receiver 
Outputs 


This is advance information and specifications are subject to change without notice. 
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Enable 


= 
°o 


XC26S10, XC26S11 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


Symbot_ [vats [Uni] 
‘| Power Suppty Voltage | Voc | 
Input Voltage ) ov -0.5 to +5.5 


Input Current 
Output Voltage — High Impedance State 
Output Current—Bus eer io. ma 
Output Current—Receiver | lok) [| 30 


Operating Ambient Temperature 


Storage Temperature 


TA | 
°C 
175 
150 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted Vcc = 4.75 to 5.25 V and Ta = 0 to +70°C. 
t Typical values measured at Vcc = 5.0 V and Ta = 25°C.) 


Characteristic Symbol 


Input Voltage — Low Logic State : VIL 
(Driver and Enable Inputs) ; . 
, Input Voltage — High Logic State 
(Driver and Enable Inputs) 


Input Clamp Voltage , 
(Driver and Enable !nputs) 


Junction Temperature | 
Ceramic Package : i: 
Plastic Package 


(lo = -18 mA) 


Input Current — Low Logic State 
(Vit = 0.4 V) 
(Enable input) 
(Driver Inputs) 


Input Curre Current — High Logic State (V4}4 = 2.7 V) 
(Enable Input) 
(Driver Inputs) 


Input Current — Maximum Voltage "Hd 
(Vind = 5.5 Vv) 
(Enable or Driver Inputs) 


Driver Output Voltage — Low Logic State VOL(D) 
(toy = 40 mA) 
(lot = 70 mA)  % 
(lou = 100 ma) re 

Driver (Bus) Leakage Current 
one =45V) 
(Veco = OV, VoH = 4.5 V) 

-Receiver Input High Threshold 
(VIH(E) =2.4V) ; 

Receiver Input Low Threshold 
(ViH(E) =2.4V) : 

Receiver Output Voltage — Low Logic State 
(lop =20mA) - 

Receiver Output Voltage — High Logic State 
(loH = -1.0 mA) 


Receiver Output Short-Circuit Current los(r) 


- Power Supply Current — Output Low State : 
(Vit (ej) =O) : XC26S10 | 
; XC26S11 
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-XC26$10, XC26811 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


Characteristic i Seoasar 


Propagation Delay Time 
Driver tnput to Output tPLHID) 


tPHL(D) 


Propagation Delay Time 
Enable Input to Output tPLH(E) 
tPHL(E) 

_|Propagation Delay Time 
Bus to Receiver Output tPLH(R) 
» tPHLIR) 


SWITCHING WAVEFORMS AND CIRCUITS 


Vcc 
3.0V 


To ‘Scope 
Driver - Hapa) ; 
Input Driver bodies 
Ov (Output) 
Vou Pulse PORE. 
Driver (Includes 
Generator 
Output pre’ 
. and jig 
OL capacitance) 
Vec 
To Scope 
: (Input) © 
Enable 
Input ' 
To ‘Scope 
(Output) 
2 50 pF 
Driver Pulse (includes 
Output Generator probe 
and jig 
capacitance) 
Vcc Vv 
To ‘Scope ec 
VoH (Output) 
Driver ee 280 
Output ‘Equivalent 
(input) VoL 
To 
Scope 
VOH (Input) 
Receiver 
Output . } Pe 


VoL Pulse = 


Generator 


a(S) MOTOROLA Semiconductor Products Ine. 
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‘oo Advance Information 


MEMORY ADDRESS MULTIPLEXER 


The Motorola MC3232A is an address multiplexer and refresh 


counter for 16 pin 4K dynamic RAMs that require a 64 cycle re- 
fresh. It multiplexes twelve system address bits to the six input 
address pins of the memory device. The MC3232A also contains a 
6 bit refresh counter that is clocked externally to generate the 64 
sequential addresses required for refresh. The high performance of 
the MC3232A will enhance the high speed of the fast N-channel 
RAMs such as the MCM6604. 


Total 
Address | 
"Lines | 


Refresh o 
Enable 


Row © 


Simplifies 16 Pin 4K Dynamic Memory Design 

Reduces Package Count 

6 Bit Binary Counter for 64 Refresh Address 

Multiplexing: Row Address/Column Address/Refresh Address 


High Input Impedance for Minimum Loading of Bus: 
Ie = 0.25 mA Max 


Schottky TTL for High Performance Address 
Input to Output Delay . 
tod = 20 ns @ Cy = 250 pF 
Second Source to Intel.3232 
(Detect Zero Function Not Included) 


LOGIC DIAGRAM 


12 


WV 


Enable 


This is advance information and specifications are subject to change without notice. 
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[ORDERING INFORMATION 


MC3232A 


MEMORY ADDRESS 
‘MULTIPLEXER 
AND REFRESH 

ADDRESS COUNTER 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX . 
CERAMIC PACKAGE 
CASE 623 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


OoOnN Ouse WH 


Note: AO Through AS Are Row Addresses 
A6 Through A11 Are Column Addresses 


TRUTH TABLE AND DEFINITIONS 


Refresh Row 
Xx Refresh Address 
2 5 bien eena eaariie| 
ee 
(AO through A5) 
- (AG through A11) 


_ Count — Advances Internal Refresh Counter 


‘Device © Temperature Range 


MC3232AL { 0 to. 75°C. Ceramic DIP 
MC3232AP 0 to 75°C Plastic DIP 


MC3232A 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


-65 to +150 


| Junction Temperature Ty % 
Ceramic Package +175 
Plastic Package 4 +150 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5.V < Vcc < 5.5 V, 0°C < Ta < 75°C; 
typical values apply with Vcc = 5.0 V, Ta = 25°C.) 


Characteristic 


Output Voltage, Low Logic State A 
(lg. = 8.0 mA) 


Output Voltage, High Logic State VOH 
(1oH = -1.0 mA) 

Input Clamp Voltage a Vic 
(i¢=-12 mA) 


Power Supply Current 
(Voc = 5.5.V) 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 5.5 V, 0°C:< Ta < 75°C; 
: typical values apply with Vcc = 5.0 V, Ta = 25°C.) 


Propagation Delay Times 
Address Input to Output 
(Load = 1 TTL, CL = 250 pF) 
(Load = 1 TTL, Cy = 15 pF, Voc = 5.0 V, Ta = 25°C) 
Row Enable to Output’ 
(Load = 1 TTL, Cy = 250 pF) 
(Load = 1 TTL, Cy. = 15 pF, Vac = 5.0 V, Ta = 25°C) 
Refresh Enable to Output 
(Load = 1 TTL, Cy. = 250 pF) 
(Load = 1 TTL, CL = 15 pF, Voc = 5.0 V, Ta = 25°C) 
‘Count to Output 
(Load = 1 TTL, Cy = 250 pF) 
(Load = 1 TTL, Cy = 15 pF, Vcc = 5.0 V, Ta = 25°C) 
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MC3232A 


FIGURE 1 — AC WAVEFORMS with MCM6604 NORMAL CYCLE 


Row 
Enable 


Address 
Input 
(AQ—A11) 


Outputs b F 
plas pth ddr 
(60-65) ; Row A ess 


Refresh Enable — Low Logic State 


FIGURE 2 — REFRESH CYCLE 


Refresh — 
Enable 


Address 


y : 
Outputs ( 2.4V Refresh 


(60-05) 08v Refresh Addie ogy Address 
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MC3232A 


TYPICAL APPLICATION 
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 


¥ MPU : 
Mc6800 


Address 
Bus 


MPU 
System 
Clock 

. XC6875 


Control 
Bus 


i _ Address 


Data 


Multiplex Buffer 
and MC6880 
Refresh 
Delay Memory Control Counter 
Circuit aa and Timing MC3232A 
XC3480 ; 


RAS1 RAS2 RAS3 RAS4 CAS 


“Memory 


Array MCM6604 
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ORDERING INFORMATION 
Device Temperature Range Package. 


Messe == OC reC | Pane C3245 © 


‘GATE CONTROLLED 


FOUR CHANNEL 
QUAD TTL TO MOS DRIVER MOS CLOCK DRIVERS 


This high-speed driver is intended as a clock (high-level) driver for gece ee or ete 


22 pin and 18 pin dynamic NMOS RAMs. It is designed to operate 
on nominal +5 V and +12 V power supplies. . 

The channel control logic is organized so that all four drivers may 
be deactivated for STANDBY operation, or single driver may be 
activated for READ/WRITE operation or all four drivers may be 
activated for REFRESH operation. 


® Control Logic Optimized for Use in MOS RAM Systems 
® Output. Voltages Compatible with Many Popular MOS RAMs 


@ TTL and DTL Compatible Inputs L SUFFIX 
High-Speed Switching CERAMIC PACKAGE 


CASE 620 
_ Interchangeable with 3245. . 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


\ 


PIN CONNECTIONS 
TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL SYSTEM : 


MC3459 MC3459 MC3459 
Address Address Address 
Oriver Oriver Oriver Output A 


Channel Channel 
Select A Select D 


Enable 1 


Enable a, 
Select C 


MC3459 MC3459 ' MC3459 
Address Address Address 
Driver Driver Driver 


Refresh 


7001 MC3461 MC10125 
1K NMOS | | Sense | JMecttot T 
RAMS Amplifier Translator 


MC3245 
Chip Select 
O O © 
O © oO 


Selects 


High Logic State 
Low Logic State 
= Irrelevant 


MC3245 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


Power Supply Voltages -0.5 to +7.0 
; ~-0.5 to +14 


Output Voltage 


Input Voltage 
Operating Ambient Temperature R ange 
Storage Temperature Range 


Junction Temperature 


Ceramic Package 
Plastic Package 


RECOMMENDED OPERATING CONDITIONS . : 


Vec 


Vpp 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and tempera- 
; ; d ture conditions. Typical values measured at Ta = 25°C.) 


Output Voltage — High Logic State. VOH Vpp - 0.5 
(ViL = 0.8 V, loy = -1.0 mA) i 
Output Clamp Voltage — High Logic State - : 
(loH = 5.0 mA, ViL =0 V) 
. (Vip = 2.0 V, loL = 5.0 mA) : 
Output Clamp Voltage — Low Logic State 
(Vip = 5.0 V; lot -5.0 mA) , 
| Input Voltage — Low Logic State : ; Vit: 
Input Clamp Voltage Vic 
{lj¢ = -6.0 mA) 3 


Input Current — High Logic State 
(V, = 5.0 Vv). 
- Channel Select Inputs 
Refresh Select and Enable Inputs 


Input Current — Low Logic State 
(Vi_ = 0.45 V) 

Channel Select Inputs 
Refresh Select and Enable Inputs 


Power Supply Current — Output High Logic State . 
(Voc = 5.25 V, Vit = 0 V, Ion = 0 mA, Vpp = 12.6 V) 
Power Supply Current — Output Low Logic State 
(Vcc = 5.25, Vip = 5.0 V, lot =O MA, Vpp = 12.6 V) 


23 


oy 
© 


- 
N 
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MC3245 


SWITCHING CHARACTERISTICS (unless otherwise noted, these specifications apply over recommended power supply and tempera- 
: : : ture conditions. Typical values measured at +25°C.) : 
Characteristic 


Delay Time 
Output High to Low Level (Rg = 0 2) 
Output Low to High Level (Rg = 0 Q) 

Transition Time 
Output High to Low Level (Rg = 20 2) 
Output Low to High Level (Rg = 20 2) 

Propagation Delay Time 
Output High to Low Level (Rg = 0 2) 
Output Low to High Level (Rg = 0 2) 

(Rg = 20.2) 


(1) CL = 150 pF 
(2) CL = 200 pF 
(3) Cy = 250 pF 


CAPACITANCE® (Unless otherwise specified, Ta = +25°C, f = 1.0 MHz, Vj = 2.0 V, and Vcc = 0 V.) 


Characteristic | Symbol | 


Input Capacitance 
~ Channel Select Inputs 


Input Capacitance 
Refresh or Enable Inputs 


- “Periodically sampled, but not 100% tested. 
FIGURE 1 — SWITCHING TEST WAVEFORMS 


tTHL = 5.0 ns —p trLH = 5.0ns 


3.0V 
Input 
ov 
ce Vpp1 -2.0V | 
Output tPLH ’ ~ tPHL 
VoL- 


Input Pulse Characteristics 
PRR = 1 MHz 


Pw = 500 ns 


trLH = tTHL = 5.0 ns 


FIGURE 2 — SWITCHING TEST CIRCUIT 


To Scope To Scope 
(Input) ; ; (Output) 


Enable 1 
O 


Enable 2 
O 


Pulse Generator 


= — Channel Select 


Cy Includes Jig and 
Probe Capacitance 
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ORDERING INFORMATION 


Device . Temperature Range Package 
MC3408L 0°C to +70°C Ceramic DIP 


LOW-COST EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


.. . designed for use where the output current is a linear product 
of an eight-bit digital word and an analog input voitage. 


@ Relative Accuracy: +0.5% Error Maximum os 

@ Low Price Allows Use of a D/A in Many New Applications 
® Monotonicity Guaranteed to 8 Bits 

@ Fast Settling Time — 300 ns typical 

e 


Noninverting Digital Inputs are MTTL and 
CMOS Compatible 


@- Output Voltage Swing — +0.4 V to -5.0 V 


@ High-Speed Multiplying Input 
Slew Rate 4.0 mA/ps 


@ Standard Supply Voltages: +5.0 V and 
~-5.0V to -15V 


FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS 


< 
£ 
tal 
Zz 
uw 
Va 
a 
=) 
13) 
Kb 
> 
a 
- 
2 
° 
2 


(00000000) (119119114) 
INPUT DIGITAL WORD 


MC3408 


EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


16 


(top view) 
e 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


FIGURE 2 ~ BLOCK DIAGRAM 


; Current Switches 


Reference 
Current — 
Amplifier 


NPN Current 
Source Pair 


TYPICAL APPLICATIONS 


“Tracking A-to-D Converters 

Successive Approximation A-to-D Converters 
2 1/2 Digit Panel Meters and DVM’s 
Waveform Synthesis 

Sample and Hoid 

Peak Detector | : 

Programmable Gain and Attenuation 

CRT Character Generation 
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Audio Digitizing and Decoding 
Programmable Power Supplies 
Analog-Digital Muttiptication 
Digital-Digital Multiplication 
Analog-Digita! Division 

Digital Addition and Subtraction 
Speech Compression and Expansion 
Stepping Motor Drive | 


MC3408 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) | 


Power Supply Voltage : Vcc +7.0 Vv 
~—* VEE -16.5 ; 
Vv 
Ta 
Ty 


7 
Reference Amplifier Inputs V14.V15 Vcc, VEE a Se 


Guinot liagebio ant ae 
[aunetonTempeoure Os 


; Vref ; 
ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vde, Veg = -15 Vde, a = 2.0mA, Ta = 0 to +70°C unless otherwise noted. 
' ; All digital inputs at high logic level.) 


dc 
de 
dc 
dc 
c 
Cc 
Cc 


UY 
% 


; Monotonicity 
See Multiplying Accura¢y on Page 6 Guaranteed to 8 bits : 


Settling Time to within +0.5% of Full Scale [includes tp_y] 


. (T=+25°C)See Note 2 : ; ee | 
Propagation Delay Time 
Ta=+25°C 


Output Full Scale Current Drift ; a 


Digital Input Logic Levels (MSB) 
High Level, Logic “1” i VIH 
Low Level, Logic “0” Vit 


Digital Input Current (MSB) 
High Level, Vip = 5.0 V 
Low Level, Vii = 0.8 V 


3 
> 


Output Current Range 
VeE=-5.0V 
VEE = -15 V (Tp = 25°C) 


Output Current 
Veet = 2.000 V, R14 = 1000 2 


Output Current 3 
(All bits tow) . : 
Output Voltage Compliance (E, < 0.5% at Ta = +25°C) 


Pin 1 grounded 
Pin 1 open, Veg below -10 V 


Reference Current Slew Rate 


Output Current Power Supply Sensitivity . } OS | 
Power Supply Current \ : +13.5 +22 
(All bits low) -7.5 -13 
Power Supply Voltage Range ~ 44.5 +5.0 +5.5 . Vde 
(Ta = +25°C) . é -15 -16.5 


1 Power Consumption 
All bits low 
“Veg = -5.0 Vde 
‘Veg = -15 Vde 
All bits high 
Vee =-5.0 Vde 
“Veg = -15 Vde 


a 


Note 1. For devices with greater accuracy, see MC 1508 Series data sheet. 
Note 2. All bits switched. « BS 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC3408 


Oigital 
» Inputs 


TEST CIRCUITS 
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 
Vec 
[ee Typical Values: R14 = R15 = 1k 
013 Veet = +2.0V 
sa C= 15 pF Vj) and I; apply to inputs A1 


thru A8 


The resistor tied to pin 15 is to temperature compensate the 
bias.current and may not be necessary for all applications. 


Al A2 A3 Aa AS AG A7 A8 
2 4 8 16 32 64 128 256 


where K = ret 
R14 
and Ay = ‘'1"' if Ay is at high level 
' An = ''0"' if Any is at low tevel 
{ (See text for ~ 
ce VEE vatues of C} 
FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT 
. MSB 
12-Bit 
0-t0-A 0 to +10 V Output 
Converter 
(40.02% : 
error max} 
A 
AQ A10 A111 A12 
Error (1 V = 1%) 
MC1556 
8-Bit Counter MC3408 
FIGURE 5 — TRANSIENT RESPONSE and SETTLING TIME 
0.1 uF Vee 2.4V 


tPHL = tPLH S10ns 


— internal 
Clamp Level 


Use Ry to GND tor 


turn off 
measurement (see text). 


0.1 uF SETTLING TIME 
1 «D Le @q for Figure & 


For settling time 


e tg = 300 ns typical 


eas! ent. 
(an Kiaaitched to +0.5% of Full Scale 
low to high) 
Co S25 pF 
TRANSIENT? Ay, <602 
RESPONSE pin 4 to GND 
-100 : 
/ : mv 


-tPHL é 


(AA) MOTOROLA Semiconductor Products Inc. 
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-MC3408 


TEST CIRCUITS (continued) 
FIGURE 6 — REFERENCE CURRENT SLEW ; 

RATE MEASUREMENT 
Vee THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 


on 
O 


: Ty(max) -TA 
Ve = 29 P Fernie asia ay 
al i See DiTa) Roya(Typ) 
Mc3408 Where: Pp(T,) = Power Dissipation allowable at a given 


operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


Tj(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 


Vee i 7 i Ta = Maximum Desired Operating Ambient 
a er 10% o Temperature 
—=— 90% Roa JA(Typ) = Typical Thermal Resistance Junction to 
Poneto 2:0 mney Ambient 
Slewing 
Time 


FIGURE 7 — POSITIVE Vref 


Vec 


(+) Vee¢ 


AS OS] MC3408 [2 | 


See text for values of C. — 


VEE 


Vee 


See text for values of C. 


VEE 
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MC3408 


FIGURE 9 — MC3408 EQUIVALENT 
CIRCUIT SCHEMATIC 
DIGITAL INPUTS 


REFERENCE 
CURRENT 
AMPLIFIER 


LADDER 


CIRCUIT 


Vee OUTPUT GND 
RANGE 
CONTROL 


CIRCUIT DESCRIPTION 


The MC3408 consists of a reference current amplifier, an 
R-2R tadder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active toad gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 
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a low impedance termination of equal voltage for ail legs of : 
the ladder. 

The R-2R. ladder divides the reference amplifier current into 
binarily-related Components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current-is shunted to ground, and the 


maximum output current ts 255/256. of the reference amplifier 


current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current-source pair is perfectly matched. 


(MA) MOTOROLA Semiconductor Products Inc. 
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GENERAL INFORMATION 


Reference Amplifier Drive and Compensation 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 14. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R15 with only a small: sacrifice 
in accuracy and temperature drift. 

The compensation capacitor value must be increased with in- 


creases in R14 to maintain proper phase margin; for R14 values. 


of 1.0, 2.5 and 5,0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to Veg as this 
increases negative supply rejection. 

A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to.R15 as shown in Figure 8. 


A high input impedance is the main advantage of this method. ~ 


Compensation involves a capacitor to VEE on pin 16, using the 
values of the previous paragraph. The negative reference voltage 
must be at least 3.0-volts above the Veg supply. Bipolar input 
signals may be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

Wherra dc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voitage. If a wei! regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 should be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 0.1 uF to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen- 
ded between.pin 14.and ground. 

If pin 14 is driven by a high impedance’ such as a transistor 
current source, none of the above compensation methods apply 
and the amplifier must be heavily compensated, decreasing the 
overail bandwidth. 


Output Voltage Range 


The voltage on pin 4 is restricted to a range of -0.5 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC3408. When a current switch is turned ‘’off’’, the posi- 
tive voltage on the output terminal can turn “on” the output 
didde and increase the output current level. When a current switch 
is turned ‘‘on’,, the negative output voltage range is restricted. 


The base of the. termination circuit Dartington transistor is one 


diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will drive the low current 
device: of the Darlington into saturation, decreasing the output 
current level. 

The negative output voltage compliance of the MC3408 may 
be, extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage: must be more negative than -1O volts. 
Using a full scale current of 1.992 mA and toad resistor of 2.5 
kilohms between pin 4 and ground witl yield a voltage output 
of 256 levels between 0 and ~4.980 voits. Floating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. Values of Ry up to 500 ohms do not sig- 
nificantly affect performance, but a 2.5-kilohm load increases 

“worst case’ settling time to 1.2 us (when all bits 2 are switched on). 


Refer to the subsequent text section on Settling Time for more 


’ details on output loading. 


If a power supply value between -5.0 V and -10 V is desired, 
a voltage of between O and -5.0 V may be applied to pint. The 
value of this voltage will be the maximum allowable negative out- 
put swing. 


Output Current Range 


The output current maximum rating of 4.2 mA may be used 
only for negative: supply voltages typicaily more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 


Accuracy 


_ Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scate current drift. Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the. MC3408 is essentially 
constant with. temperature due to the excellent temperature track- 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC3408 has a Mery low full 
scale current drift with temperature. 

The MC3408 is guaranteed accurate to within +0.5% at +25°C 
at a full scale output current of 1.992 mA. This corresponds to a ~ 
reference amplifier output current drive ‘to the ladder network of 
2.0 mA, with the loss of one LSB = 8.0 uA which is the ladder 
remainder shunted to ground. The input current to pin 14 has a 
guaranteed value of between 1.9. and 2.1 mA, allowing some 
mismatch in the NPN current source. pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is calibrated for 
a full-scale output current of 1.992 mA. This is an optional step 
since the MC3408 accuracy is essentially the same between 1.5 and 
2.5 mA. Then the MC3408 circuits’ full scale current is trimmed 
to the same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be: displayed on an oscilloscope, detected by com- 
Parators, or stored in a peak detector. 

Two 8-bit D-to-A. converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total. 
error of +1/2 of one part in 65, 536, or +0.00076%, which is much 
more accurate than the +0.5% specification provided by the 
MC3408. : 


Multiplying Accuracy 

_ The MC3408 may be used in the multiplying mode with 
good accuracy when the reference current is varied over a range 
of 256:1. The major source of error is the bias ‘current of the 


_ termination amplifier. Under ‘‘worst case’ conditions, these eight 


amplifiers can contribute a total of 1.6 uA extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 wA to 2.0mA, the 1.6 “A contributes an error 
of 0.2 LSB with respect to the 2.0 mA. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
MC3408 is monotonic for all values of reference current above 


'0.5mA. The recommended range for operation with a de reference 


current is 0.5 to 2.0 mA. 


Circuit diagrams utilizing Motorola products are inciuded as a means is believed to be. entirely reliable. However, no responsibility. is 
of illustrating typical semiconductor applications; consequently, | assumed for inaccuracies. Furthermore, such information does not 


‘complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefuliy checked and license under the patent rights of Motorola Inc. or others. 


L_ (AA). MOTOROLA Semiconductor Poets Inc. 
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ORDERING INFORMATION 


= Datla: AanSanS Rane 

Wcei00 Ow 1700 Ceramic DP MC3410 | 
Moston eto +77c Plastic DF | «603510 MC3410C 
MC3410CP 0°C to +70°C Plastic DIP : 
MC3510L ~55°C to +125°C = Ceramic DIP 


LASER TRIMMED 


TEN BIT, MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 


Specifications and Applications 
Information 


SILICON MONOLITHIC 
TEN BIT D TO A CONVERTER ‘INTEGRATED CIRCUIT’: 

The MC3410 series devices are low-cost, high-accuracy monolithic j 

D/A converter subsystems. Like their MC1408 series predecessors, 

they provide the logic controlled current switches, the R-2R resistor 

ladder network and output termination networks. The output buffer 

amplifier and reference voltage have been omitted from the circuit 

to allow greatest system speed, flexibiliby and lowest cost. This device ] 

is useful in industrial control and microprocessor based systems. YR L SUFFIX 

@ Relative Accuracy — +0,05% Error Maximum 5 CASE 690:07 

(MC3510 and MC3410) Sse (CERAMIC PACKAGE) 


: , . CASE 648-03 
Fast Settling Time — 250 ns Typical (PLASTIC PACKAGE) 


Noninverting Digital Inputs are MTTL and CMOS moinpa tele *(MC3410, MC3410C ONLY) 
(from 5 to 15 V CMOS) 


Output Voltage Swing — +0.2 V to —2.5 V. 

High Speed Multiplying Input Slew Rate — 20 mA/us 
Standard Supply Voltages — +5 V and — 15 V 

All Categories Guaranteed Monotonic 

Reference Amplifier Internally Compensated 


PIN CONNECTIONS 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Programmable Gain and Attenuation 
Successive Approximation A-to-D Converters: Programmable Power Supplies Digital Digital 
3-Digit Panel Meters and DVM's Analog-Digital Multiplication . Inputs Inputs 
Waveform Synthesis Digital-Digital Multiplication 
Sample and Hold . Speech Compression and Expansion 
Peak Detector - “@ Sample Data Systems : 
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FIGURE 2 — TEN-BIT D/A CONVERTER 
BLOCK DIAGRAM 
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MAXIMUM RATINGS (Ta, = +25°C untess otherwise noted.) 


Power Supply Voltage 


Applied Output Voltage . 


Reference Current 


Reference Amplifier Differential Inputs 
Operating Temperature Range ‘ 
MC3510 
MC3410,C 
Junction Temperature 
Ceramic Package 
_ Plastic Package 


ELECTRICAL CHARACTERISTICS (Voc = 45.0 Vdc, Veg = —18 Vide, WEE = 2.0 mA, MC3510 Ta = —58°C to +128°C. 


MC3410 Series: Ta = 0 to +70°C unless otherwise noted. All digital inputs at high logic level.) 


Characteristic 


Relative Accuracy (Error relative to full scale lo) T, = 25°C 
MC3510 
MC3410 
MC3410C 


Relative Accuracy Temperature Drift (Relative to Full Scale to) 
Monotonicity (Tq = 25°C) 
Settling Time to within #1/2 LSB (Ta = 25°C) (All Bits Low to High) 


Propagation Delay Time 
Ta = +25°C ‘ 


. Digital Input Logic Levels (All Bits) 
High Level, Logic ‘1’ 
Low Level, Logic °’0" 


Digital Input Current (All Bits) 
High Level, Vyy4 = 5.5V 
Low Level, Vi, = 0.8V - 


Reference Input Bias Current (Pin 15) 
Output Current Range ; 


Output Current : 
Vref = 2.000 V, R46 = 1000 22 

Output Current MC3510, MC3410 
(All bits low) MC3410C 


Output Voltage Compliance (Tq 25°C) 
“Ey © 0.05% relative to FS — MC3510, MC3410 
E, < 0.10% relative to FS — MC3410C 


Reference Amplifier Slew Rate 


Reference Amplifier Settling Time 
- (0 ta 4.0 mA, +0.1%) ‘ 


Power Consumption 
All Bits low 
All Bits high 


a eS 


Monotonic to 10 Bits 
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, TEST CIRCUITS = 


FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUITS 


Vy, and |; apply to inputs A1 
thru A10 


The resistor tied to pin 15 is to temperature compensate the : 
bias current and may not be necessary for all applications. MC3510/ 
Digital MC3410 
Inputs 
Al, A2,A3,A4, AS, AG, A7, AB, AD, A10 P 
2 32 64 128 256 512 1024 


Vv 
K 2Vref 


where Rig 


Typical Vatues: 

: R1S5= R16=1k 

and Ay = 1” if An is at high level Veet (+) =+2.0V 
Ay = “0” if Ay is at low level Vreg (--) = Gnd 

19 =4.0mA 


14-Bit 
D/A Converter 
(+ 0.003% Oto +10 V Output 


Max Error) 


Error (1 V = 0.25%). 


O 
O ‘ 
O 
O 
LSB 
MSB 
4 


10-Bit 


Counter MC3510/MC3410 


Oodeoddddgogddad 
= 
as ~ 


seas : Rise and Falt Times < 10 ns 


MC3510/ 


_MC3410 Ri 


For settling time 
measurement. 

© (All bit switched Internal Clamp Level - 

Vo low to high) ‘ 


(Dantes 


ts — 250 ns Typical 
to +1/2 LSB. 


Use Ry to Gnd for Turn-Off Measurement 


(S) MOTOROLA Semiconductor Products inc. 


5-115 


MC3410, MC3510, MC3410C 


TEST CIRCUITS (Continued) 
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FIGURE 7 —- REFERENCE AMPLIFIER SETTLING TIME AND SLEW RATE 


Vret (+) 
O 


MC3510/ 
MC3410 


Internal Clamp Level 


Slew Rate 


ts = 2us Typical 
to +0.1% 


Use Ry = 202 to Gnd for 
Slew Rate Measurement 


FIGURE 9 — NEGATIVE Vye¢ 


R15.~ R16. ; R15 = R16 
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THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 


be found from the equation: 3 
Ty(max) -TA | 


POITA) * “Ro jatTve) 


Where: Pp(T,) = Power Dissipation allowable at a given. 
Operating ambient temperature. This must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst.case operating condition. 
TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient , 
Temperature 
Roga(Typ) = Typical Thermal Resistance Junction to 
Ambient 


FIGURE 10 — MC3410 10-BIT D/A CONVERTER EQUIVALENT CIRCUIT 
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CIRCUIT DESCRIPTION 


The MC3410 consists of a reference current amplifier, a dif- 
-fused R-2R tadder, a laser trimming network, and ten high-speed 
current switches. The trimming method. employed makes it 
possible to improve the linearity attainable with modern dif- 
fusion technology by as much as a factor of ten so that a highly 
linear part results. The trim is performed by cutting aluminum 
links arranged to give incremental variations in voltage at the 
ladder termination amplifiers (See Figure 10). This yields a high- 
ly stable trim with no increase in fabrication complexity. 

The switches are non-inverting in operation, so that a high 
state on an input turns on the specific component of output 
current. The switches use current steering for speed, and inter- 


face the R-2R ladder through unity gain feedback termination 
amplifiers, which provide low impedance terminations of equal 
voltage for all legs of the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the current 
switches. The three teast-significant bit switches derive their 
current through emitter scaling from the last leg of the ladder. 
The remaining current, equal to one LSB, is shunted to Vcc at 
the LSB, switch. Therefore, the maximum output current is 

' 1023/1024 of the reference amplifier current, or nominally 
3.996 mA for a 2.000 mA reference input current. 


MC3410, MC3510, MC3410C 


GENERAL INFORMATION 


Reference Amplifier 


The reference amplifier allows the user to provide a voltage 
and a resistor to Pin 16 to convert the reference voltage to a 
current. A current mirror doubles this reference current and 
feeds it to the R-2R ladder. Thus for a reference voltage of 
‘2.0 Volts and 1k resistor tied to Pin 16, the full-scale current 
is approximately 4.0 mA. The reference input current, 116, 
must flow. into. Pin 16 regardless of the setup method or 
reference voltage polarity. 

Connections for a positive reference voltage are shown in 
Figure 8. The reference voltage source suppties the fuil current 
116. For bipolar refererence signals, as in the multiplying mode, 
R15 can be tied to a negative voltage corresponding to the 
minimum input level. It is possible to eliminate R15 with only a 
smal! sacrifice in accuracy and temperature drift. 

The reference amplifier is internally compensated with a 10 
pF feed-forward capacitor, which gives it its high slew rate and 
fast settling time. Proper phase margin is maintained with all 
possible values of R16 and reference voltages which supply 2.0 
mA reference current into Pin 16. The reference current can 
also be supplied by a high impedance current source of 2.0 mA. 
As R16 increases, the bandwidth of the amplifier decreases 
slightly and settling time increases. For a current source with a 
dynamic. output impedance of 1.0 M2, the bandwidth of the 
reference amplifier is approximately half what it is in the case 
of R16 = 1.0 k2, and settling time is ~ 10 us. The reference 
amplifier phase: margin decreases as the current source value 
decreases in the case of a current source reference, so that the 
minimum reference current supplied from a current source is 
0.5 mA for stability. 

A negative reference voltage may be used if R16 is grounded 
and the reference voltage is applied to R15 as shown in Figure 


9. A high input impedance is the main advantage of this method.: 


The negative reference voltage must be at least 3 Volts above the 
Vee supply for proper operation. Bipolar input signals may be 
handled by connecting R16_to a positive voltage equal to the 
peak positive input level at Pin 15. ; 

When a dc reference voltage is used, capacitive bypass to 
ground is recommended. The 5-V togic supply is not recom- 
mended as a reference voltage. If a well regulated 5.0-V supply, 
which drives logic, is to be used as the reference, R16 should be 
decoupled by connecting it to the +5.0 V logic supply through 
another resistor and bypassing the junction of the two resistors 
with a 0.1 uF capacitor to ground. 


Output Voltage Range 


The voltage on Pin 3 is restricted to a range of —2.5 V to 
+0.2 V due to the current switching methods employed in the 
MC3410. When a current switch is turned off, the positive volt- 
age at the output terminal can turn on the output diode and in- 
crease the output current. When a current switch is on, the nega- 
tive output voltage range is restricted to the point at which the 
low current device of the termination amplifier Darlington be- 
gins to saturate, resulting in a decrease in output current. 

The output voltage compliance is guaranteed at 25°C. Note 
from Figure 14 that the output compliance of the MC3410 is 
nearly constant over temperature. 


Accuracy 


Absolute accuracy is a measure of each output current level 
with respect to its intended value. It is dependent upon relative 
accuracy. and full scale current drift. Relative accuracy, or 
linearity, is the measure of each output current with respect to 
its intended fraction of the full scale current. The relative accu- 
racy of the MC3410 is fairly constant over temperature due to 
the excellent temperature tracking, of the diffused resistors. The 
full scale current from the reference amplifier may drift with 
temperature causing a change in the absolute accuracy. However, 
the MC3410 has a low full scale current drift with temperature. 

The MC3510 and MC3410 are guaranteed accurate to within 
#1/2 LSB at 25°C and at a full scale current of 3.996 mA. 
Input reference current to Pin 16 is meme to be between 


| 


19 and 2.1 mA to produce a full scale output current of 3.996 
mA. The relative accuracy test circuit is shown in Figure 4. The 
14 bit D/A converter is calibrated for a full scale output of 3.996 
mA. This is an optional step as the relative accuracy of the © 
MC3410 is nearly constant between 3mAand 5 mafull scale cur- 
rent. The MC3410 is calibrated at full scale with the 14-bit 
reference D/A by adjusting R16 until the error voltage goes to 
zero, The counter is activated and the error band may be dis- 
played on an oscilloscope, detected by comparators, or stored on 
a peak detector, 


Monotonicity 


The MC3510, MC3410 and MC3410C are all guaranteed to 
be monotonic at room temperature. This guarantees that for 
every increase in the input digital word, the output current 
either remains the same or increases, but never decreases. The 
MC3510 and MC3410 are typically monotonic over their 
respective temperature ranges. In the multiplying mode (when 
the reference current is varied), monotonicity is typically main- 
tained for all values of input reference current above 0.5 mA. 


Settling Time 


The worst case switching condition occurs when ail bits are 
switched ‘’on,”’ which corresponds to a low-to-high transition for 
all bits. This time is typically 250 ns for the output to settle to 
within + 1/2 LSB for 10-bit accuracy, and 200 ns for 8-bit 
accuracy. The turn-off time is typically 120 ns. These times 
apply when the output swing is limited to a small (< 0.7 Volt) 
swing and the external output capacitance is under 25 pF. 

The major carry (MSB off-to-on, all others on-to-off) settles 
in approximately the same time as when all bits are switched 
off-to-on. 

The slowest switches are bit A10 (LSB) and bit AQ, which 
turn on and settle in typically 200 ns, and turn off in 100 ns. 

In the test circuit of Figure 5, the output voltage is internally 
clamped in the MC3410 at about 0.7 Volts above ground. The 
output is thus limited. to a 0.7 Volt swing. If a load resistor of 
625 Ohms is connected to ground, allowing the output to swing 
to —2.5 Volts, the settling time increases to 1.5 us. 

Extra care must be taken in board layout as this is usually the 
dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100uF supply bypassing, and mini- 
mum scope fead length are all necessary. 


MC3510 TERMINOLOGY 


- RELATIVE ACCURACY — Maximum output deviation from 


the straight line connecting zero and full scale, expressed 
as a percentage of full scale. 

RELATIVE ACCURACY DRIFT — The average change in 
linearity error that will occur with a change in ambient 
temperature, expressed in parts per million of full scale per. 
degree C. 

MONOTONICITY — For every increase in the input digital 
word, the output current either remains the same or increases. 

SETTLING TIME — The elapsed time from the input transition 
until the output has settled within an error band about its 
final value. : 

OUTPUT FULL SCALE CURRENT DRIFT —. The average 
change in full scale current between 25°C and either tempera- 
ture extreme, expressed in Parts per million of full scale per 
degree C. 

REFERENCE AMPLIFIER SLEW RATE — The maximum rate 
of change of the full scale output current expressed in” 
milliamperes per microsecond. 

OUTPUT VOLTAGE COMPLIANCE — The maximum voltage 
that can be applied to the output pin so that the specified 
change in output current is not exceeded. 

POWER SUPPLY SENSITIVITY — The change in full scale 
current caused by a change in Vee, expressed as a percent 
of full scale current per percent change in Veg. 
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TYPICAL CHARACTERISTICS 


FIGURE 11 — LOGIC INPUT CURRENT FIGURE 12 — TRANSFER CHARACTERISTIC 
versus INPUT VOLTAGE versus TEMPERATURE 
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, APPLICATIONS INFORMATION 


Voltage outputs are obtainable. with this circuit which uses an 
external operational amplifier as a current to. voltage con- 
verter. This configuration automatically keeps the output of 
the MC3410 at ground potential and the operational amplifier 
can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are 
primarily determined by the characteristics of the operational 
amplifier. In addition, ‘the operational amplifier must be 
compensated for unity gain, and in some cases overcompensa- 
tion may be desirable. 

Note that this configuration results in a positive output voit- 


age only, the magnitude of which is pepereent on the digital | 


input. 

The following circuit shows how the MLM301A 
used in ‘a feedforward mode resuiting in a full scale settling time 
on the order of 2.0 us. 


FIGURE 17 


65 pF 


(To Pin 3 
of MC3410) 


An alternative method is to use the MC1539 and input 
compensation. Response of this circuit’ is also on the order of 
2.0 us. See Motorola Application Note AN-459 for more details 
on this concept. 


FIGURE 18 


+15 V 


(To Pin 3 
of MC3410) 


Vo 
240 MC1539 


0.2 ME 


= -15V 


The positive voltage range may be extended by cascading 
the output with a high beta common base transistor, Q1, as 
shown. 


can be: 


FIGURE 19 — EXTENDING POSITIVE 
VOLTAGE RANGE 


AlQ9 


MC3410 


Select R fora 
current of 1 uA 


The output voltage range for this circuit is O volts to BVcgBO 
of the transistor. Variations in beta must be, considered for wide 
temperature range applications. An inverted output waveform 
may be obtained by using a load resistor from a positive refer- 
ence voltage to the collector of the transistor. Also, high-speed 
operation is possible with a large output voltage swing, because 
Pin 3 is held at a constant voitage. The resistor (R) to Veg main- 
tains the transistor emitter voltage when all bits are “off’’ and 
insures fast turn-on of the least significant bit. 


FIGURE 20 — OUTPUT CURRENT TO 
VOLTAGE CONVERSION 
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Vo = 10 Volts (0.9990) 
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APPLICATIONS INFORMATION (Continued) 


Bipolar or Negative Output Voltage 


The circuit in Figure 21.is a variation of the standard output 
voltage circuit in Figure 20 A negative or- offset binary output 
may be obtained by sourcing current from the reference into 
the output through Rg. If Rg allows 2 mA(Rg=2.5 kQ from 5 
Volts) then 1000000000 input will generate zero output 
voltage. : ; 


FIGURE 21 — OFFSET BINARY OR 


Successive Approximation A to D 


The fastest and most efficient means of A to D conversion 
using D to A convertors is successive approximation (SA). 
Similar in appearance to staircase devices, the SA converter is 
capable of 100 times faster ‘conversions for a 10-bit result. A 
complete 10-bit SA converter using MC3410 and MC14559/49 
successive approximation registers is shown in Figure 22. The 
complexity which results in higher conversion speeds is con- 
tained in the MC14559/49 registers.. Quite simply, the register 


compares the DAC output resulting from activating each bit 
with the input voltage. This is done starting with most signifi- 
cant bit and after 10 comparisons generates the 10-bit binary 
output representing that input. The accuracy of the conversion 
is fixed by the accuracy of the MC3410 and is not dependent 
on tolerances of the other components. An EOC outout is 
available and can be used to latch the parallel output or to 
synchronize the serial output which is also available. For more 
details on SA converters, see AN-716. 


BIPOLAR DAC 


7 


MC3410 


For Offset Binary Output From +5 Vto -5V . 


Ro = 2.5 k2 
Rg = 2.5k2 
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' FIGURE 22 — SUCCESSIVE APPROXIMATION CONVERTER 
USING MC3410 
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APPLICATIONS INFORMATION (Continued) 


Staircase A to D 


__ If high conversion speed is not required, a staircase A to D 
convertor can be built for somewhat lower cost. A complete 
staircase A/D convertor is shown in Figure 23. Here the com- 
plicated SA registers are replaced with simple binary counters. 
With an input voltage applied, the binary counter is reset by 
the convert command pulse and the begin accumulating counts. 
The DAC output steps upward until the comparator detects 
that the input is equal to the DAC output. The counters are 
disabled and the conversion result is held at the output until 
the circuit is reset by the convert command input. 


One advantage of staircase convertors is the ease with which 
BCD outputs may be obtained. Figure 24 shows a 3-digit panet 
meter using the staircase technique and an MC14553 3-decade 
counter. The circuit function is similar to Figure 23 but — 
Multiplexed BCD output is available from the MC14553 
counters. Paraliel BCD may be obtained with equal ease using 
the MC14518 two decade CMOS counters. . 

In both these staircase designs the system accuracy is deter- 
mined by the specified accuracy of the MC3410. 


FIGURE 23 — 10-BIT STAIRCASE A to D 
USING MC3410 
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FIGURE 24 — 3-DIGIT DVM USING MC3410 
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“APPLICATIONS INFORMATION (Continued) 


FIGURE 25 — ALTERNATE APPROACH STAIRCASE A TO D 
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APPLICATIONS INFORMATION (Continued) 
BCD D to A Converter 


BCD output A to D conversions are most easily accomplished 
by accumulating the digita! results in two different counters, but : 
_ that concept does not extend to BCD Dto A techniques. Using 
the circuit in Figure 26 a three-digit BCD number can be con- 
verted to a 10-bit accurate voltage. The MC14008’s perform 
the combinational BCD-to-Binary conversion. The accuracy of 
. this circuit is also solely dependent on.the accuracy of the 
MC3410. 


FIGURE 26 — 3-DECADE BCD DAC 
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ORDERING INFORMATION - 
Device 


Temperature Range Package 
MC3416L 0°C to +70°C Ceramic DIP 
’MC3416P 0°C to +70°C Plastic DIP 


Specifications and Applications 
Information 


4x 4x 2 CROSSPOINT SWITCH 


The MC3416 consists of a pair of 4 x 4 matrices of dielectrically 
isolated SCR’s, triggered by a common selection matrix. The device is 
intended for switching analog signals in communication systems. The 
use of dielectric isolation processing provides excellent crosstalk 

~ isolation while maintaining minimal insertion loss. 

The selection array consists. of PNP transistors with the input 
thresholds compatible with either McMOS or MTTL logic families. 

The MC3416 is a monolithic pin-for-pin replacement for the 
discontinued MCBH7601 hybrid device. 


Low Series Resistance — ron = 6.0 Ohms (Typ) @ lax = 20mA 
High Series Resistance — Toff = 100 MQ (Min) 

Pin Compatible with MCBH7601 or RC4444 

High Breakdown Voltage — 30 V (Typ) 

Selection Matrix Compatible with TTL or CMOS Logic Levels 
Dielectric Isolation Insures Low Crosstalk and Low Insertion Loss 


FIGURE 1 -- REPRESENTATIVE CELL SCHEMATIC 
(Repeated 16 Times) 


Anode At Anode A2 


; (81,C1,D1 (B2,C2,D2 

’ Row Select = are Equivalent) —_ are Equivatent) 
Ww \ 

(X,Y,Z are Equivalent) ¢ 
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FIGURE 2 — MATRIX CONFIGURATION AND NOMENCLATURE 
(X Indicates a Possible Connection) 
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4.x 4x 2 CROSSPOINT 
SWITCH 


DIELECTRICALLY ISOLATED 
MONOLITHIC 
“INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


PIN CONNECTIONS 
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Select A 
Column 
Select B 
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Select Cc 
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Select D 
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21 


Cathode 
v1 
Anode 
02 


MC3416 


MAXIMUM RATINGS (Unless otherwise noted, Ta = 25°C) 


Anode-Cathode Current — Continuous 
(only one SCR atatime) — 


Enabie Current | len | 
Operating Ambient Temperature Range a ae 


Storage Temperature Range 
Junction Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Ta = 0 to 70°C) 


Characteristic _ 


-65 to +150 % 


¢ 


S13 


Anode Cathode Breakdown Voltage BVAK Vde 

(tak = 25uA) 
Cathade-Anode Breakdown Voltage BVKA Vde . 

(Ix = 25uA) 

Base-Cathode Breakdown Voltage BVek Vde 
(Igk = 25uA) 

Cathode-Base Breakdown Voltage BVKB Vde 
(Ip = 25uA) 

Vde 

Vde 


Emitter-Cathode Breakdown Voltage BVEK 
(leK = 254A) 

OFF State Resistance Toff 
(Vak = 10 V) 


Dynamic ON Resistance 
(Center Current = 10 mA) (See Figure 8) 
(Center Current = 20 mA) 


Holding Current , 
(See Figure 10) . 


Base-Emitter Breakdown Voltage : BVgeE 
(IgE = 25uA) 


Enable Current 


(VgeE = 1.5 V) (See Figure 7) 


Anode-Cathode ON Voltage 
(tak = 10 mA) 
(tak = 20 mA) 


Gate Sharing Current Ratio @ Cathodes ; 
(Under Select Conditions with Anodes Open) (See Figure 3) 

Inhibit Voltage : Vinh 
(Vg = 3.0 V) (See Figure 9) : 


Inhibit Current linh 
{Vg = 3.0 V) (See Figure 9) 

OFF State Capacitance Cott 
(Vax =0 V) ( See Figure 6) 


Turn-ON Time 
(See Figure 4) 


Minimum Voltage Ramp (Which Could Fire the SCR Under dv/dt 800 : 
Transient Conditions) ' 


FIGURE 3 — TEST CIRCUIT 


4.5mA 


4 


Gsh =a 
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Clock 


inputs 


FIGURE 5 — TEST WAVEFORMS FOR dv/dt AND ton : ae 


FIGURE 4 — TEST CIRCUIT FOR dv/dt AND ton 
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Jou Element 
Under Test 
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(Both SCR’s Must Turn On) 
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= . FIGURE 7 — ENABLE CURRENT 
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<+8.5 V 
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ete 
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| FIGURE 8 — THE CROSSPOINT SCR 


| 

| 

| 1-V CHARACTERISTIC (Ig = 0) 
| | | | | 

| 


Breakdown 
Voltage 


SCR Must 
Remain OFF 


dv/dt Test 
Time < 25 us 


FIGURE 6 — TEST CIRCUIT FOR OFF-STATE CAPACITANCE Vinh 


10V 3.3 V linn 10V 


All Device Pins Other Than Pins 
Under Test Are Connected to Test 
Equipment Ground Terminat 


Device 
Under 
Test 
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for dv/dt < 800 V/us FIGURE 9 — INHIBIT VOLTAGE AND INHIBIT 
CURRENT (Both SCR’s Must Remain OFF) 


IH, HOLDING CURRENT (mA) ° 


MC3416 


TYPICAL CHARACTERISTICS 


FIGURE. 10 — HOLDING CURRENT versus 
AMBIENT TEMPERATURE 


Oo. 10 40 50 60 70 80 = 90 
aa AMBIENT TEMPERATURE (°C) 


FIGURE 12 — DIFFERENCE IN ANODE-CATHODE ON 
VOLTAGE (Between Associate Pairs of SCR’s) 
versus ANODE-CATHODE CURRENT 


_ VOLTAGE (mv) 


lak, ANODE-CATHODE CURRENT (mA) 


FIGURE 14- DYNAMIC ON RESISTANCE versus ANODE- 
CATHODE CURRENT 


ton, DYNAMIC RESISTANCE (OHMS) 


lak, ANODE-CATHODE CURRENT (mA) 


ton, OYNAMIC RESISTANCE (OHMS) 


FIGURE 11 — ANODE-CATHODE ON VOLTAGE versus 
CURRENT AND TEMPERATURE 
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FIGURE 13 — OFF-STATE CAPACITANCE versus ANODE- 
CATHODE VOLTAGE 
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' FIGURE 15 — DYNAMIC ON RESISTANCE versus 
AMBIENT TEMPERATURE | 
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FIGURE 16 — FEEDTHROUGH versus SIGNAL FREQUENCY FIGURE 17 — CROSSTALK versus SIGNAL FREQUENCY 
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FIGURE 18 — TEST CIRCUIT FOR FEEDTHROUGH versus FREQUENCY 


Wave 
Analizer 


Ld 


Ta = 25°C, vj = 12 dBm, Crosspoints Off 
Feedthrough = 20 Log1g (v9/vj) 


FIGURE 19 — TEST CIRCUIT FOR CROSSTALK versus FREQUENCY 


‘Analizer 


Ta = 25°C, vj = 12 dBm, Crosspoints On 
Crosstalk = 20 Logyg (V9 2/v91) 
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TELEPHONE APPLICATION OF THE CROSSPOINT SWITCH 


The MC3416 crosspoint switch is designed to provide 
a low-loss analog switching element for telephony signals. 
{t can be addressed and controlled from standard binary 
decoders and is CMOS compatible. With proper system 
organization the MC3416 can significantly reduce the size 
and cost of existing crosspoint matrices. 


SIGNAL PATH CONSIDERATIONS 

The MC3416 is a balanced 4 x 4 2-wire crosspoint array. 
It is ideal for balanced transmission systems, but may be 
applied effectively in a number of single ended applications. 
Multiple chips may be interconnected to form larger cross- 
point arrays. The major design constraint in using SCR 
crosspoints is that a forward de current must be main- 


tained through the SCR to retain an ac signal path. This 
requires that each subscriber-input to the array be capable 
of sourcing de current as well as its ac signal. With each . 
subscriber acting as a dc source, each trunk output then 
acts as a current sink. The instrument-to-trunk connection 
in Figure 21 shows this configuration. However, with each 
subscriber acting as a dc source, some method of inter- 
connecting them without a trunk must be provided. Such 
a local or intercom termination is shown in Figure 22. 


- Here both subscribers source dc current and exchange ac 


signals. The central current sink accepts current from both 
subscribers while the high output impedance of the current 
sink does not disturb the system. 

These configurations are system compatible. The dc 


FIGURE 21 — INSTRUMENT-TO-TRUNK CONNECTION 


Emitter Selects 
McMOS Outputs 


Disconnect 
Enabie 


Instrument 
All McmOS 
Operated From 
+15V Power -15 Voits 
Supply 
McMOS Ouptuts Base Selects 
FIGURE 22 — TYPICAL INSTRUMENT TO INSTRUMENT CONNECTION 
+165 V 
500 500 
PX AAG! _ 
on eee de PL ede Pe Pte fe tLCe-Lowt 
1k tk 1k 1k 
> are < 4 
Base Selects Are Active 
Disconnect . 4.7k Low McMOS Outputs 
Enable 
, Alt McMOS Logic 
pati 2k Operated From +15V 
cl Power Supply © 
Local or Intercom 
Terminator 500 
—18V 
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current restriction is not a restriction in the design of 
an efficient crosspoint array. Because of the current sink 
terminations, a signal path may use differing numbers of 
crosspoints in any connection or in two sides of the same 
connection further relaxing restrictions in array design. 
Figure 23 demonstrates circuit operation. $1, $2, and 
S3 are open. The Crosspoint SCR’s are off as they have no 
gate drive. or dc current path through $1. By closing S2 and 
S3, gate drive is provided, but the SCR’s still remain off as 
there is no dc current path to hold them on. Close S1 and 
the circuit‘is enabled, but with S2 and S3 off there is still 
no signal path. Closing S2 and S3 with $1 closed — current 
is injected into both gates and they switch on. DC current 
through Ri splits around the center-tapped winding and 
flows through each SCR, back through the lower winding 
_and through S1 to ground. If S2 and $3 are opened, that 
current path still remains and the SCRs remain on. If an ac 
signal is injected at either Gi or G2, it will be transmitted 
to the other signal port with negligible loss in the SCR’s. To 
disconnect the ac signal path the SCR’s must be com- 
mutated: off. By opening $1 the de current path is inter- 


FIGURE 23— CROSSPOINT OPERATION 


rupted and the SCR’s switch off. The ac signal path is dis- 
connected. With $1 closed the circuit is enabled. and may 
be addressed again from S2 and S3. This circuit demon- 
strates a balanced transmission configuration. The trans- 
_mission characteristics of the SCR’s simulate a relay con- 
tact in that the ac signa! does not incur a contact voltage 
drop across the crosspoint. The memory characteristics of 
the crosspoint are demonstrated by the selective application 
of $1, S2, and S3. 

The selection of Ry is governed by the power supply 
voltage and the desired de current. If 10 mA is to flow 
through each SCR then Ry must pass 20 mA. Thus, 
(Vcc- VAK)/RL= 20 mA. The selection of Rp is governed 
by the characteristics for crosspoint turn on. Adequate 
enable current must be injected into the column select 
and Rp should drop at least 1.5 Volts. The PNP transistor 
has a typical gain of one. Thus, Rp should pass at least 
2 mA to provide 4 mA column select current. 


DEMONSTRATION CIRCUIT 


Column 
Select A 


Row 
Select W 


$1 


ADDRESSING CONSIDERATIONS 

The MC3416 crosspoint switch is addressed by selecting 
and turning on the PNP transistor that controls the SCR 
pair desired. The drive requirements of the MC3416 can be 


X = irrelevant 


|s2_]s3_| LINECONDITION 
| OFF | 
LON | 


x 


rx | Enabled, Not Connected 
ON | Addressed and Connected 
Ean oe G1 Connected toG2 _ 


7 
x 


The gate current required for SCR turn onis 1 mA typically. 
The McMOS one-of-n decoders listed in Table | provide 
both active high and active low outputs and are well suited 


_ for standard addressing organizations. The major design 


met with standard McMOS outputs. A particular crosspoint . 


is addressed by putting a logical “1” on the emitter and a 
logical ‘‘0’’ on the base of the appropriate transistor. A 
resistor in the base circuit of the transistor is required to 
limit the current and must also drop 1.5 Voits to assure 

forward bias of the two diodes in the collector circuits. 


constraint in organizing the addressing structure is that 


‘any signal path which is to be addressed must create a dc 


path from a source to a sink. If that path requires two 
crosspoints they must be addressed simultaneously. Of 
course, once the path is selected, the addressing hardware 
is free to initiate other signal paths. To meet the dc path 


(AA) MOTOROLA Semiconductor Products Inc. 
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APPLICATIONS INFORMATION (continued) 


requirement, crosspoint arrays should be designed in blocks 
such that any given dc path requires only one crosspoint 
per block. A signal path, however, may still use two cross- 
points in the same block by sequentially addressing two 
dc paths to the same terminator. For example, the left or 
right pairs of crosspoints in Figure 22 must be addressed 
simultaneously but the left. pair may be addressed in 
sequence after addressing the right pair. This is not a 
‘difficult constraint to meet and it does not require unneces- 
sary addressing hardware. 


TABLE | 


Active High Outputs } Active Low Outputs 


MC14555 MC14556 
MC14514 _ MC14515 
MC14028 


Dual Binary to 1 of 4 


4-bit latch/4 to 16 
BCD to Decimal Decode 


DISCONNECT TECHNIQUES 


Since the crosspoint switch maintains signal paths by 
keeping dc currents through active SCR’s, disconnects are 
easily accomplished by interrupting the dc current path. 
This can be done anywhere in the circuit, but if the dis- 
connect is done at the terminator then all signal paths 
established to that terminator are broken simultaneously. 
In both Figures 21 and 22 this is done by turning off the 
current sink circuit with a McMOS buffer gate. MC14049 
or MC14050 buffers will drive the transistor switch. Once 
adisconnect is completed, the terminator may be re-enabled 
and used for another call. Usage of the terminators may be 
easily monitored with optoelectronic couplers in the 

collectors of the current sinks without disturbing trans- 
mission characteristics. 


See Application Note AN-760 for additional applications suggestions. 


THERMAL. INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature can 
be found from the equation: 


TJ(max) -TA 

_ RoJa(Typ) 
Where: PD(Ta) = Power Dissipation allowable at a given 
Operating ambient temperature. This must be greater than 


PD(Ta) = 


Circuit diagrams utilizing Motorola products are included. as a means 
of illustrating typical semiconductor applications; consequently, 


complete information sufficient for construction purposes is not 


necessarily given. The information has been carefully checked and 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


Ty(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 


Temperature 
Re jJA(Typ) = Typical Thermal Resistance Junction to 


Ambient 


is believed to be entirely reliable. However, no responsibility is 
assumed. for inaccuracies. Furthermore, such tnformation does not 
convey to.the purchaser of the serniconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


) MOTOROLA Semiconductor Products inc. - 


5-133 


Mc3417 
— MC3418 


| Advance Information 


CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 


CONTINUOUSLY VARIABLE 
SLOPE DELTA 
MODULATOR/DEMODULATOR 


LASER-TRIMMED 


INTEGRATED CIRCUIT 
Encode and Decode Functions on the Same Chip with a Digital 


Input for Selection 
Utilization of Compatible 12 — Linear Bipolar Technology 


CMOS Compatible Digital Output 
Vcc 


Digital Input Threshold Selectable ( 5 


on chip) 


reference provided 


MC3417 Has a 3 Bit Algorithm (General Communications) L SUFFIX 


CERAMIC PACKAGE. 


MC3418 Has a 4 Bit Algorithm (Commercial Telephone) CASE 620 


External Components Required: 


© Integrating Network — Typically 1 ms Time Constant P SUFFIX 


oh ; : PLASTIC PACKAGE 
Syllabic Filter — Typically 5 ms Time Constant CASE 648 


“Minimum Step Size Adjust’’ Resistor 


PIN CONNECTIONS 
Gain Contro! Resistor 


. Analog 
input 


Analog Input Capacitor and Resistor for Level Shifting if Input 
Signal Is Not Centered at Vcc 


2 Analog 


Feedback Decode 


Syllabic 


CVSD BLOCK DIAGRAM INCLUDING EXTERNAL COMPONENTS Fuld 


Gain Digital Data 


' Encode/ 
Control input (-) 


Tov 
CC/2  Becode Clock 


Ref Digital 
Input (+) Threshold 


Dual input 


sree 


Comparator 
oVec ~ oe, 
\ sr 
Shift Register t Rid pulncidence 
aGloalaal| ad} nput (-) utput 
Threshold Syllabic 


T Analog Vec/2 
: Output Output 
Min Step 
Size 
Adjust 


Digital 
Output 


Digital 
Output 


Es 
integrator 
Current 
| TST 


Amplifier 
‘2 {Integrating 
_ Cuttent) 


ORDERING INFORMATION 


Temperature Range 
(All Types} = 0 to +70°C 


MC3417L Ceramic DIP — 
MC3418L Ceramic DIP 
“MC3417P Plastic DIP 
MC3418P Plastic DIP 


Note: MC3517 to be offered later in 1977. 


Output 


Analog , 
Output 


Integrating Network 


This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (Ali voltages referenced to Veg, Ta = 25°C unless 
ig otherwise noted.) 


a 
[PonerSuppivVotige «dt Mog ~| 0418 | Vac 
Differential Analog Input Voltage 


Vde 
Logic Input Voltage ViLogic -0.4 to +18 Vde 
(Clock, Data, Encode/Decode) . 
Coincidence Output Voltage VO(con) -0.4 to +18 
Syllabic Filter Input Voltage “  b Visyp -0.4 to Veco 
Gain Control Input Voltage Vgc) -0.4 to Vcc 
Vde 
mA 


Vec 

Reference Input Voltage Vi(Ref) "ray -1.0 to +18 

Vcc : 
ie Output Current -25 


TARGET ELECTRICAL CHARACTERISTICS (Vcc = 12 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


Power Supply Voltage Range . VccR 
cc ; 


Power Supply Current 
(Idle Channel) 
(Vcc = 5.0 Vv) 
(Voc = 16 V) 
Clock Rate 
integrating Current Range 
(Voc < 6.0 V) 
(Vec = 6.0 V) 


Analog [nput Range VI 

(4.75 V-< Vee < 18 V) 4.3 
Analog Output Range Vo 
(4.75 V < Vee < 15 V) 1.3 


Input Bias Currents 
(Comparator in Active Region: 
Vpin 1 = Vpin 10) 
(Anaiog input) 
(Analog Feedback) 


(Sytlabic Filter Input) 
(Reference input) 


input Offset Current 
(Comparator in Active Region: 
Vpin 1 = Vpin 10) 
(Analog tnput/Analog Feedback) 
‘|input Offset Voltages 
{Input Voltage Converter) 
(Integrator Amplifier) 
Transductance 
(Input V/t Converter (0 to 3.0 mA)) 
(Integrator Amplifier (0 to 15.0 mA)) 
Propagation Delay Times ~ 
(Clock Trigger to Digitat Output} 
(Trigger Failing Edge, Vcc to +0.4 V) 
(Clock Trigger to Coincidence Output) 
(Trigger Falling Edge, Vcc to +0.4) 
(Clock Trigger-to Ramp Reversal) 
{Trigger Falling Edge, Vcc to 0.4.V; 
IRamp = 100 yA) 
Coincidence Output Voltage — 
Low Logic State 
(lOL (Con) <3.0 mA) 


— @) MOTOROLA Semiconductor Products Inc. 
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ELECTRICAL CHARACTERISTICS (continued) 


Characteristic eee 


Digital Threshold !nput Current NL(th) 
é . (1.2 V < Vth < Vcc = 2.0 V) 
: (Vi. applied to pins 13, 14 and 15) 
(ViH applied to pins 13, 14 and 15) ; 
| toutine | 


Maximum {ntegrator Output Current !oLUnt) +5.0 


Vcc . ; 
aT Generator Maximum Output Current 
Vcc 
> Generator Output Impedance Zo 
' er 


(0 to +10 mA) 


; ; Vec 
: aa Generator Error 
‘ Logic Input Voitage ; 
(Low Logic State) Vie 
(High Logic State) : Vind 
Total Loop Offset Voltage (Note 1) ; =rVo 

(I) = 33 nA, Voc = 5.0 V) 
{ly = 12 BA, Voc = 12 V) 


Digital Output Current 


(Low Logic State (VoL <0.4V)) lou 
(High Logic State (Voy 2 Vcc - 1.0 V)) 1OH 


Integrator Output Current 
(Gain Control Input Current = 12 uA) 
{Low Logic State Output) lo“ (int) 
(High Logic State Output) + loutnt) 
(Gain Control Input Current = 3.0 mA) 3 
(Low Logic State Output) 1OL (int) 
(High Logic State Output) ; 1OH(Int) 


(IGain Control = 1.5 mA) 
'{ Input Current — Low Logic State 
(Vit =OV) ; 
Input Current — High Logic State 
(Vip = 18V) 
(Digital Data input) 
(Clock Input) 
(Encode/Decode Input) 


Input Current — Low Logic State 
(Vi_ =OV) 
(Digital Data Input) 
(Clock Input) 
(Encode/Decode Input) 


(Clock Input, Vj_ = 0.4 V) 


Note: 

1. Total Loop Offset is defined as the summation of the offsets of the integrator amplifier and the analog comparator plus the effect of 
the integrator amplifier’s bias currents fldwing through 10 k input resistors and the effect of the mismatch in the positive and negative 
integrator currents. This mismatch causes an additional de voltage drop in the 10 k integrator resistor. Idle channel performance 
is guaranteed if this total loop offset is less than one-half of the change in integrator output voltage during one clock cycle (ramp 
step size). Laser trimming techniques are utilized to ensure good idle channel performance. ; 


2. The output current matching is observed with the circuit of Figure 4 by connecting pins 9 and 13 together, tieing pin 15 to a logic 
low level, setting up 1.5 mA into the gain control input and measuring the average voltage at pin 7 with respect to pin 10. 


i 


@) MOTOROLA Semiconductor Products Inc. 
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_DEFINITIONS AND FUNCTION OF PINS 


Pin t — Analog Input 

This is the inverting comparator input where the 
voice. signal is applied. It may be ac or de coupled 
depending on the application. If the voice signal is to be 
level shifted to the internal reference voltage, then a bias 
resistor between pins 1 and 10 is used. The resistor is 
used to establish the reference as the new dc average of 
the ac coupled signal. 


Pin 2 — Analog Feedback 

This is the non-inverting input to the analog signal 
comparator within the IC. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be pin 7 or a low pass filter output con- 
nected to pin 7. In a decode circuit pin 2 is not used and 
may be tied to Vcc/2 on pin 10, ground or left open. 

The analog input comparator has bias currents of 1.5 
MA max, thus the driving impedances of pin 1 and 2 
should be nearly equal to avoid disturbing the idle 
channel characteristics of the encoder. 


Pin 3 — Syllabic Filter 

This is the point at which the syllabic filter voltage is 
returned to the IC in order to contro! the integrator step 
size. It is an NPN input to an.op amp. The syllabic filter 
consists of an RC product between pins 11 and 3. 
Typical values of 6 ms to 50 ms are used in voice codecs. 


Pin 4 — Gain Control Input 

The syllabic filter voltage appears across Cg of the 
syllabic filter and is the voltage between Vcc and pin 3. 
The active: voltage to current (V to I) operational 
amplifier in the MC3417/18 drives pin 4 to the same 
voltage. Thus the current injected in the integrator is the 
syllabic filter voltage divided by the Ry resistance. The 
Rx resistor is then varied to adjust the loop gain of the 
codec and is connected to pin 4. 


Pin 5 — Reference Input 

This pin is the noninverting. input of the integrator 
output. It is used to reference. the dc level of the output 
signal. tn an encoder circuit it must reference the same 
voltage as pin 1 and is commonly tied to the reference of 
pin 10. In a decoder application, it may be connected to 
signal ground, the reference, or any dc level within the 
common-mode range of the integrating op amp. It is a 
PNP input with a bias current of —0.15 vA maximum. 


Pin 6 — Filter Input ; 

This inverting op amp input is used: to connect the 
integrator external components. Single integration 
systems. require a 0.1 uF and 10 kQ resistor between 
pins 6 and 7. Multipole configurations will have different 
circuitry, but the resistance between pins 6 and 7 should 
always be between 5 k{Q2 and 15 kQ to maintain good 
idle channel characteristics. 


Pin 7 — Analog Output 

This is the integrator op amp output. It is capable of 

. Ve : 

driving a 600-ohm load referenced to st to +6 dBm 
and can otherwise be treated as an op amp output. Pins 
5, 6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. 
Pin 8 — VEE 

‘The MC3417/18 are designed to work in either single 
or dual power supply applications. Pin 8 is always 


connected to the most negative supply, which will be 
ground in a single supply system. 


Pin 9 — Digital Output 

The digital output provides the results of thé delta 
modulator’s conversion. It swings between Vcc and 
VEE and is CMOS or TTL compatible. Pin 9 is 


_ inverting with respect to pin 1 and non-inverting with 


respect to pin 2. It is clocked on the falling edge of 
pin 14. 


Pin 10 — Vcc/2 Output 

An internal low impedance mid-supply reference is 
provided for use of the MC3417/18 in single supply 
applications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a +6 dBmo signal is expected across a 600 
ohm input bias resistor, then pin 10 must sink 2.2 
V/600Q2 = 3.66 mA. This is only possible if pin 10 
sources 3.66 mA into a resistor normally and will source 


_only the difference under peak load. The reference load 


resistor is chosen accordingly. A 0.1 uF bypass capacitor © 
from pin 10 to VEE is also recommended. The Vcc/2 _ 
reference is capable of sourcing 10 mA and can be used 
as a reference elsewhere in the system circuitry. 


Pin 11 — Coincidence Output 

The duty cycle of this pin is proportional to the 
voltage across Cs. The coincidence output will be low 
whenever the content of the internal shift register is all 


“1's or all O’s. In the MC3417 the register is 3 bits long 


while the MC3418. contains a 4 bit register. Pin 11 is an 
open collector of an NPN device and requires a pull-up 
resistor. !f the syllabic filter is to have equal charge and 
discharge time constants, the value of Rp should be 
much less than Rs. in systems requiring different charge 


’ and discharge. constants, the charging constant is R<Cs - 


while the decaying constant is (Rg+Rp)Cs. Thus longer 
decays are easily achieveable. The NPN device should 
not be required to sink more than 3 mA in any 
configuration. 


) MOTOROLA Semiconductor Products Inc. 
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DEFINITIONS AND FUNCTIONS OF PINS (CONT) 


Pin 12 — Digital Threshold 


This input sets the switching threshold in pins 13, 14, 


and 15. It is intended to aid in interfacing different 
logic families without external parts. Often -it is 
connected to the Vcc/2 reference for CMOS interface 


or can be biased two diode drops above VEE for TTL 


interface. 


Pin 13 — Digital Data Input 
In a decode application, the digital data stream is 
inputed through pin 13. In an encoder it may be unused 


or may be used to transmit signaling message under the . 


control of pin 15. It is an inverting input with respect to 
pin 9. When pins 9 and 15 are connected, a toggle 
. flip-flop is formed and a forced idle channel pattern can 
be transmitted. If pin 9 is connected to pin 11, a non 
50% repetitive pattern can be transmitted and integrated 
- at the receive end without diverging the integrator 
output to saturation. An MC3417 will produce a 001 
pattern and the MC3418 wil! produce a 0001 pattern. 


Pin 14 — Clock Input 

The clock input determines the data rate of the codec 
circuit. A 32k bit rate requires a 32 kHz clock. The 
switching threshold of the clock input is set by pin.72. 
The shift register circuit toggles on the falling edge of 
the clock input. 


Pin 15 — Encode /Decode 

This pin controls the connection of the analog input 
comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the 
falling edge at pin 14. If low, the digital input state will 
be entered. This allows. use of the IC as an 
encoder-decoder or simplex codec without external 
parts. Furthermore, it allows non-voice patterns to be 
forced onto the transmission line through pin 13 in an. 
encoder. 


Pin 16 — Vcc 


-The power supply range of the MC3417/18 i is from 5 © 
to 15 volts between pin Vcc and VEE. Guaranteed loop 
offset of the MC3417 is tested at 5 volts while the 
specification on the MC3418 is tested at 12 volts. 


FIGURE 1 — BLOCK DIAGRAM OF THE cvsD ENCODER 
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FIGURE 2 — CVDS WAVEFORMS 
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FIGURE 3 — BLOCK DIAGRAM OF THE CVSD DECODER 
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FIGURE 4 — 16 kHz SIMPLEX VOICE CODEC 
(Using MC3417, Single Pole Companding and Single Integration) 
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CIRCUIT DESCRIPTION 


The continuously variable slope delta modulator 
(CVSD) is a simple alternative to more complex 
conventional conversion techniques in systems requiring 
digital communication of analog signals. The human 
voice is analog, but digital transmission of any signal 
over great distance is attractive. Signa!/noise ratios do 
‘not vary with distance in digital transmission and 
multiplexing, switching and repeating hardware is more 
economical and easier to design. However, 
instrumentation A to D converters do not meet the 
communications requiremehts. The CVSD A to D is well 
suited to the requirements of digital communications 
and is an economically efficient means of digitizing 
analog inputs for transmission. 


The Delta Modulator 

The innermost control loop of a CVSD converter is a 
simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 1. A delta modulator consists of.a 


_ comparator in the forward path and an integrator in the | 


feedback path- of a simple control loop. The inputs to 
the comparator are the input -analog signal and the 
integrator output. The comparator output reflects the 
sign of the difference between. the input voltage and the 
integrator output. That sign bit is the digital output and 


also controls the direction of ramp in the integrator. The 
comparator is normally clocked so as to produce a 
synchronous and band limited digital bit stream. 
If the clocked serial bit stream is transmitted, 
received, and delivered to a similar integrator at a remote 
point, the remote integrator output is a copy of the 
transmitting contro! loop integrator output. To the 
extent that the integrator at the transmitting locations 
tracks ‘the input signal, the remove receiver reproduces 
the input signal. Low pass filtering at the receiver output 
will eliminate most of the quantizing noise, if the clock 
rate of the bit stream is an octave or more above the 
bandwidth of the input signal. Voice bandwidth is 4 kHz 
and clock rates from 8 k and up are possible. Thus the 
‘delta modulator digitizes and transmits the analog input 
to a remote receiver. The serial, unframed nature of the 
data is ideal for communications: networks. With ho 
input ‘at the transmitter, a continuous. one zero 
alternation is transmitted. If the two integrators are 
made leaky, then during any loss of contact the receiver . 
output decays to zero and receive restart begins without 
framing when the receiver reacquires. Similarly a‘delta- 
modulator is tolerant of ‘sporatic bit errors. Figure 2 
shows the delta modulator waveforms while Figure 3 
shows the corresponding CVSD decoder ‘block diagram. 


- Circuit diagrams utilizing Motorola products are inciuded as a means. is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor ‘applications; consequently,. assumed for inaccuracies. Furthermore, such information does not | 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and ‘license under the patent rights of Motorola Inc. or others. 
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CIRCUIT DESCRIPTION (CONT) 


The Companding Algorithm 

‘The fundamental advantages of the delta modulator 
are its simplicity and the serial format of its output. Its 
limitations are its ability to accurately convert the input 
within a limited digital bit rate. The analog input must 
be band timited and amplitude limited. The frequency 
limitations are governed by the nyquist rate while the 
amplitude capabilities are set by the gain of the 
integrator. 


The frequency limits are bounded on the upper end;. 


that is for any input bandwidth there exists a clock 
frequency. larger than that bandwidth which will 
transmit the signal with a specific noise level. However, 
the amplitude limits are bounded on both upper and 
lower ends. For a signal level, one specific gain will! 
achieve an optimum noise level. Unfortunately, the basic 


delta modulator has a small dynamic range over which 


the noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator’s dynamic range. External to the basic delta 
modulator is an algorithm which monitors the past few 
outputs of the delta modulator in a simple shift register. 
The register is usually 3 or 4 bits long depending on the 
application. The accepted CVSD algorithm simply 

‘monitors the contents of shift register and indicates if it 
contains all 1’s or O’s. This condition is called 
coincidence. When it occurs, it indicates that the gain of 
the integrator is too small. The coincidence output 
charges a single pole low pass filter. The voltage output 
of this syllabic filter controls the integrator gain through 
a pulse amplitude modulator whose other input is the 
sign bit or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control 
algorithms using the shift register have been tried. The 
key to the accepted algorithm is that is provides a 
measure of the average power or level of the input signal. 
Other techniques provide more instantaneous 
information about the shape of the input curve. The 
purpose of the algorithm is to control the gain of the 
integrator and to increase the dynamic range. Thus a 
measure of the average input level is what is needed. 

The algorithm is repeated in the receiver and thus the 
level data is recovered in the receiver. Because the 


algorithm only operates on the past serial data, it~ 


changes the nature of the bit stream without changing 
the channel bit rate. 

The effect of the algorithin is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will 
reflect the shape of the input signal but all of the output 
will be at an equal level. Thus the algorithm at the 
Output is needed to restore the level variations. The bit 
stream in the channel is as if it were from a standard 
delta modulator with a constant level input. 

The detta modulator encoder with the CVSD 
algorithm provides an efficient method for digitizing a 
voice input in a manner which is especially convenient 
for digital communications requirements. 


CVSD DESIGN CONSIDERATIONS 


A simple CVSD encoder using the MC3417 or 
MC3418 is shown in. Figure 4. These ICs are general 
purpose CVSD building blocks which allow the system 
designer to: tailor the encoders transmission 
characteristics to the application. Thus, the achievable 
transmission capabilities are constrained by the 
fundamental limitations of delta modulation and the 
design of encoder parameters. The performance is not 
dictated by the internal configuration of the MC3417 
and MC3418. There are seven design considerations 
involved in. designing these basic CVSD building blocks 
into a specific codec application. 

These are listed below: 


1. Selection of clock rate 
. Required number of shift register bits 
. Selection of loop gain : 
. Selection of minimum step size 
Design of integration filter transfer function: 


. Design of syllabic filter transfer function 


NO oh WN 


. Design of low pass filter at the receiver 


The circuit in Figure 4 is the most basic CVSD circuit 
possible. For many applications in secure radio or other 
intelligible voice channel requirements it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 
are both single pole networks. The selection of items 1 
through 4.govern the codec performance. 


THERMAL INFORMATION 


The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 


Potrak = TJ(max) = 
Al Rasa (Typ) 

Where: PDT a) =' Power. Dissipation allowable at a 

given operating ambient temperature. This must be 

greater than the sum of the products of the supply 


voltages and supply currents at the worst-case oper- 
ating condition. 


TJ(max) = Maximum Operating Junction 
Temperature as listed in the 
Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 
RaJal(Typ) = Typical Thermal Resistance 
Junction to Ambient 


(MA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


é Device Temperature Range Package 
MC3437L 0°C to +70°C Ceramic DIP 


MC3437P 0°C to +70°C Plastic DIP MC 3437 


HEX BUS 
RECEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


HEX BUS RECEIVER WITH INPUT HYSTERESIS 


These high-speed bus receivers are useful in bus organized data 
transmission systems employing terminated 120 Q2 lines. The receivers 
feature input hysteresis to obtain improved noise immunity. The: 
receivers low input current requirement allows up to 27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs are 
MTTL compatible. 


ee : ; {top view) 
@ Built in receiver hysteresis 


@ Receiver input threshold is not affected by temperature 
@ Propagation delay time — 20 ns (Typ) 


® Direct Replacement for DS8837 


L SUFFIX 
CERAMIC PACKAGE 


FIGURE 1 — TYPICAL APPLICATION Gast eee 


+5.0V 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


180 120 2 Data Bus 
390 
= 1/6 : 1/4 1/4 : 
; MC3437 MC3438 MC3438 
: ; ; : PIN CONNECTIONS 


To Computer or Peripherals 


MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) 
a le 
Derate above 25°C 


- TRUTH TABLE ~ 
TH t= >2.5 Vv 
Rests H = High Logic State 


H 
L. 


L = Low Logic State 


ia eal 
eae 
cin eal 
ae ae 
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MC3437 


Receiver tnput Threshold Voltage — High Logic State VILHIR) 
(ViL(DA) = 0.8 V, lor = 16 mA, VoL <0.4 V) 
Receiver Input Threshold Voltage — Low Logic State VIHLIR) ee 
(VicR) = 4.0 V, Voc = 5.25 V) , 
(Vi(R) = 4.0 V, Voc = 0V) 
(VitR) = 0.5 V, VoH 22.4 V, lo = -400 uA) 
Output Voltage — High Logic State V 
(Vic) = 9.5 V. Vit(pa) = 0.8 V, lon = -400 HA) : ye : 
Disable Input Current — High Logic State 
(ViH(DA) = 2.4 V) 
NL(DA) 3.2 mA 
(Vi(R) = 4.0 V, Vit (DA) = 0.4 V) 
Output Short Circuit Current , mA 
(ViqR) = 0.5 V, Vit(DA) = OV, Voc = 5.25 V) ; 


ELECTRICAL CHARACTERISTICS (Untess otherwise noted, specifications apply for 0 <TA < 70°C and 4.75 V <Vcc <5.25 V.) 
(VIL(DA) = 0.8 V, lox = -400 uA, Voy 22.4 V) 
Receiver Input Current 
Disable Input Voltage ~ High Logic State VIH(DA) ‘| 
(Vi(R) = 0.5 V, Vop_ <0.4 V, lo = 16 mA) . 
Disable Input Voltage — Low Logic State ViL(DA) aa ae 
VOH 2.4 
Output Voltage — Low Logic State VoL Vv 
(Vi(R).= 4.0 V, ViL(DA) = 0.8-V, lop = 16 mA) 
NH(DA) 
80 uA 
(ViH(DA) = 5.5 V) 2.0 mA 
/ Disable Input Current — Low Logic State 
-| Power Supply Current loc mA 
(Vi(R) = 0.5 V, ViL(DA) = 0 V) 
tnput Clamp Diode Voltage . Vi Vv 
© (lq) = -12MA, tip) = -12 mA, 


SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 V unless otherwise noted.) 


Propagation Delay Time from Receiver Input to ‘  tPLH(R) 
High Logic State Output ; : 

Propagation Delay Time from Receiver Input to tPHL(R) 
Low Logic State Output . 


Propagation Delay Time from Disable Input to tPLH(DA) 
High Logic State Output 

Propagation Delay Time from Disable Input to tPHL(DA) 
Low Logic. State Output : 


MC3437 


‘FIGURE 2 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 
+6.0V ‘ 
To Scope 3.0 V : 
. (Input) 390 


input 
5 ov — 
3.0 V 
Pulse 
Generator Disable 
(DA) 
To Scope 
(Output) ov— 
“tPHLIR) 
Output | tPHL(DA) Ftp) 
Pulse 1.5V 1.5 V 
Generator VoL : 


To Scope = 
(Disable) é 


FIGURE 3 — TYPICAL HYSTERESIS 


5.0 


T Tv 
SHADED AREA REPRESENTS 
SPECIFIED LIMITS 


Vg, GUTPUT VOLTAGE (VOLTS) 


ES? Ee (TE IAS 
0 1.0 2.0 3.0 4.0 
Vi(R). INPUT VOLTAGE (VOLTS) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/6 Shown) : 
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ORDERING INFORMATION 


Device Temperature Range Package ~ 


MC3438L 0°C to +70°C Ceramic DIP 
MC3438P 0°C to +70°C Plastic DIP 


QUAD BUS TRANSCEIVER 


Consists of four pair of drivers and receivers with the output of 
each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employing terminated 120 Q lines. The receivers feature 

. hysteresis to improve noise immunity. A disable function consisting 
of a two-input NOR gate is provided to control all four drivers. 


Receiver input threshold is not affected by temperature 
Receiver input hysteresis — 1.0 V (Typ) 
Open collector driver outputs allow wire-OR 


‘MTTL compatible receiver outputs and disable and driver inputs 


Driver propagation delay — 20 ns 
Receiver propagation delay — 20 ns 
Direct replacement for DS8838 


FIGURE 1 ~ TYPICAL APPLICATION 
120 2 Data Bus 


1/4 1/4 
MC3438 MC3438 


-To Computer or Peripherals 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) 


ST 


Supply Voitage 
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QUAD BUS 
_ TRANSCEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


(top view) 


L SUFFIX 
CERAMIC PACKAGE : . 
CASE 620 P SUFFIX r 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


> 13 | Output 1 


TRUTH TABLES 
DRIVER SECTION - 


Disable 1 Input 


L L 


Vin(R) 22.5 V 
ViL(R) <1.05 V 


Where: 
' L = Low Logic State 
H = High Logic State 


MC3438 


Disable input Voltage — High Logic State 

(Vin(p) = 2.0 V. Vir(gus) = 4.0 V. Igug < 100 ZA) 
Disable tnput Voltage — Low Logic State 

(ViH(D) = 2-0 V. Vit (Bus) S9-.7 V, igus = 50 mA) 
Driver Input Voltage — High Logic State 

(ViL(DA) = 0.8 V. IBUSs = 50 mA, VIL (BUS) S9.7 V) 
Driver. Input Voltage — Low Logic State 

(ViL(DA) = 9-8 V, ViH( BUS) = 4.0 V, Igus < 100 HA) 


Receiver Input Threshold Voltage — High Logic State 
(ViL(D) = 0.8 V, toL(R) = 16 MA, VoLiR) 0.4 V) 


Receiver Input Threshold Voltage — Low Logic State 
(Vit(D) = 0.8 V, foH(R) = -400 HA, VoH(R) = 2.4 V) 


Disable Input Current — High Logic State 
(ViH(D) ='2.4 V, Vin(DA) = 2.4 V) 
(ViH(D) = 5.5 V, Vin(DA) = 9-5 V) 


Driver Input Current — High Logic State 
(ViH(DA) = 2.4 V. Vinn(D) = 2.4 V) 


(VIH(DA) = 9-5 V, ViIH(D} = 5-5 V) 


Disable Input Current — Low Logic State 


(ViL(DA) = 9-4 V. Vit (Dp) = 0.4 V) 


Driver’ input Current — Low Logic State 
(Vit(D) = 9.4 V, Vit(pa) = 0.4 V) 


Bus Current 
(ViL(DA) = 9-8 V, ViL{D) = 9.8, ViH(Bus) = 4.0 V) 
(Voc = 5.25 V) 
(Voc =0V) 


Bus Voltage — Low Logic State 
(ViL(DA) = 9-8 V, Vin(p) = 2-0 V, igus = 50 mA) 


Receiver Output Voltage — High Logic State 
(ViL(DA) = 9-8 V, ViL(D) = 9-8 V. Vit(Bus) = 0.5 V, 
IOH(R) = -400 HA) 

Receiver Output Voltage — Low Logic State ; 
(ViLIDA) = 0.8-V, ViL(D) = 9-8 V. Vin(BUs) = 4.9 V, 
IOL(R) = 16 mA) 

Receiver Output Short Circuit Current 
(Vit(DA) = 0-8 V, Vit (D) = 9-8 V, Vit (Bus) = 9-5 V. 
Vcc = §.25 V) 

Power Supply Current 
(ViL(DA) = 9 V. Vin(D) = 2.0 V) 

tnput Clamp Diode Voltage 
('y¢0A) = '1(D) = BUS = -12 mA) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
g (1/4 Shown) 


- Veco 


Driver R21 
Input ~~ ; 


D6 
Receiver 
Output 
Disable 
Inputs 


GNDO 


MC3438 


SWITCHING CHARACTERISTICS (Tq = 25°C, Vcc = 5.0 V unless otherwise noted.) 


Symboi_|__Win_[ Typ 
Propagation Delay Time from Disable Input to 'PLH(DA) 
High Logic Level Output 
Propagation Delay Time from Disable Input to tPHLIDA) 
Low Logic Level Output | 
Propagation Delay Time from Driver Input to tPLH(D) 
High Logic Level Output 
Prepagation Delay Time from Driver Input to tPHLI(D) 
; Low Logic Level Output 


25 
Propagation Delay Time from Bus Input to tpLH(R) 30 
High Logic Level Output 
Propagation Delay Time from Bus Input to tPHL(R) 30 
Low Lagic Level Output 


FIGURE 2 — DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS 


To Scope To Scope 3V 
(Input) (Output) Disable 
+5.0V Input 
, (DA) OV 
Disable Von 
@ Driver Output 
VoL 
tPLH(DA) tPHL(DA) 
_ Pulse 
Generator. 
3V 
Driver 
isabl 
Tsable | 1/4 mc3a3s Input” 4° TOY 
aah (D) Ov 
200 ‘ 
VOH 
Output 


Vou 
= PHL(DI > tPLH(D) 


FIGURE 3 ~ RECEIVER TEST CIRCUIT AND WAVEFORM | 
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(Input) : (Output) +5.0V 
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re 
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FIGURE 4 — TYPICAL RECEIVER HYSTERESIS 


a 
5 
Pulse 1N916 or S 
Generator Equiv — 
a 
< 
e 
Disable s wi On 
= Inputs = iF 5 Gt Ags 
— 
i 
sv 5 Gy, 
Input . 3 iy He 
(R) ec. LH WH) 
= ELEA 1G, 
VOH > AES ATER 
Output 5 V ‘ VIR). RECEIVER INPUT VOLTAGE (VOLTS). 
oe VoL 
TPHL(R) TPLH(R) 


5-147 


_ ORDERING INFORMATION 
* Device Temperature Range Package 


‘MC3440P 0°C to +70°C Plastic DIP 
MC3441P 0°C to +70°C Plastic DIP 
MC3443P 


0°C to +70°C Plastic DIP 


QUAD GENERAL PURPOSE INTERFACE BUS 
(G.P.1.B.) TRANSCEIVERS © 


The MC3440, MC3441, MC3443 are quad bus transceivers in- 
tended for usage in instruments and programmable calculators 
equipped for interconnection into complete measurement systems. 
These transceivers allow the bidirectional flow of digital data and 
commands between the various instruments. Each of the transceiver 
versions provides four open-collector drivers and four receivers 
featuring input hysteresis: ‘ : 

The MC3440 version consists of three drivers controlled by a 
common Enable input and a single driver without an Enable input. 
Termination resistors are provided in the device. 

The MC3441 differs in that all four drivers are controiled by the 
Common Enable Input. Again, the termination resistors are provided. 

_ The MC3443 is identical to the MC3441 except that the termi- 
nation resistors have been omitted. As such it is pin compatible, and 
functionally equivalent to the SN75138. It does offer the advantage 
of receiver input hysteresis. 


Receiver Input Hysteresis Provides Excellent Noise Rejection. 

Open-Collector Driver Outputs Permit Wire-OR Connection. 

Tailored to Meet the Proposed Standards Set by the IEEE and IEC 
Committees on Instrument Interface (488-1975). 

Termination Resistors Provided (except MC3443 version). 


Provides Electrical Compatibility with Hewlett Packard Interface 
Bus (HP-1B). 


TYPICAL APPLICATION — GP.1.B. 
MEASUREMENT SYSTEM 


Instrument 
A 
_ (with GPIB) 


Programmable 
Calculator 
(with GPIB) 


Instrument 


8 
(with GPIB) 


1 16 Lines Total 
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Mc3440 
«M3441 


~ -M03443 


QUAD INTERFACE 
BUS TRANSCEIVERS 
SILICON MONOLITHIC 


INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Output and 
Termination [=|] 


Driver 
Input B 


Receiver 
Output B 


MC3441 


Receiver r=] Oriver 
‘ 


Output B nput D - 


5 ‘Receiver 
Output D 


Receiver 
Output A 
Driver 

Input A 
Driver 
Input B 
Receiver 
Output B 

Receiver 

Output D 


MC3440, MC3441, MC3443 


n 


MAXIMUM RATINGS iT, 25°C unless otherwise noted.) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V < Vcc < 5.25 V and 0 < Ta < 70°C, typical values are at 
; Ta = 25°C; Vcc = 5.0-V) ‘ 


Symbol | Min | typ | Max] Unit__| 


DRIVER PORTION 


nput Current — High Logic State NtH(D) uA 
(Vip = 2.4 V) . : : 


input Current — Low Logic State 
(Vit = 0.4 V, Vcc = 5.0 V, Ta = 25°C) 


(Wo = -12 ma) ; 

Output Voltage — High Logic State (1) Sy ee eee ee 
(Vins) = 2-4 V or Vit(p) = 0.8 V) ; 

Output Voltage — Low Logic State % 


(Vinn(s) = 2.0V, Vit(e) = 0.8V, loL(p) = 48 mA) 
(ViH(D) = 2-0 V, Vince) = 0.8 V, loi (Dp) = 100 mA) 


Output Leakage Current — MC3443 Only 
(Vinn(E) = 2.0V or Vit(p)= 0.8 V) | ; 


RECEIVER PORTION : : 


input Hysteresis j ee Ee ee ee eee eee 


Input Threshold Voltage — Low to High Output Logic State, ee Sn es ce eae 

Input Threshold Voltage — High to Low Output Logic State VIHLIR) ae or ey 
(Veo = 5.0 V, Ta = 25°C) 

Output Voltage — High Logic State peas | 
(VIL(R)'= 9.8 V, toH(R) = -400 HA) . : ; 
(VIH(R) = 2-9 V, TOL IR) = 16 MA) , 
(ViL(R) = 0.8 V} (Only one output may be shorted at a time) . 


BUS TERMINATION PORTION (Does not apply to MC 3443 version) 
(Vit(D) = OV) : ‘ . 
Bus Short-Circuit Current : os(Bus) 1.25 2.08 mA ~ 


TOTAL DEVICE POWER CONSUMPTION 


Power Supply Current 


(ViH(D) = 2.4V, ViL(E) =OV) — 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C) 


< MC3440, 3441 
: Characteristic Symbol 


| Min | Typ | Max [Min | Typ | Max | 
DRIVER PORTION : 


Propagation Delay Time from Driver Input to Low Logic State Bus Output | tpHiipy |. - | 13] 30 | - [ 13 | 25 | ns | 
Propagation Delay Time from Driver Input to High Logic State Bus Output | tprnioy | - | 17 | 30 f— | 17 {| 25 | as | 
Propagation Delay Time from Enable tnput to Low Logic State Bus Output | tpHi(e) | - | 25 | 40.) - | 25] 32] ns | 
Propagation Delay Time from Enable tnput to High Logic State Bus Output | teru(e) | -— | 25 | 40 | — | 25 | 32] avs | 


RECEIVER PORTION 


| Propagation Delay Time from Bus Input to High Logic State Receiver Output tPLH(R) | - |. |] 30 |- | 15 | 22 [ns | 
Propagation Delay Time from Bus Input to Low Logic State Receiver Output tPHLIR) | — | 15] 30 f—- | 15] 22 | ns | 


(1) 13.0 k resistor from the bus terminal to Vcc required on the MC3443 version. 


, 
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MC3440, MC3441, MC3443 


GENERAL PURPOSE INTERFACE BUS APPLICATION 


INSTRUMENT A . INSTRUMENT B 


anne _-—— co os 
Oise: 3 pio | | . 
ee See eee 
| | 
“'MC3440 | To Instruments 
| Lagic (Typical) 


{Always 


Enabled) 


sins z 
D106 ° 
MC3441 DID? p06 MC3440 
D108 SRa 
(Always 
: Enabled) 
E E 
DIO7 
; D108 
7 DAV MC3440 
EOI 
| (Always 
Enabled) 
E | (Always tal ‘ E 
| Enabled) cmb idl 
: sra ATN 
DAV tFC 
, NRFD MC3440 


& : ee ee ee | : Ee 


bee ee 16 Lines eee eae ee 


Total 


G.P.1.B. SIGNALS: 


8 Line Data Bus: DIO1 — 0108 


5 General interrupt Transfer Control! Bus: 3 Data Byte Transfer Control Bus 
REN — Remote Enabie DAV —DataValid > 
SRQ — Service Request NRFD — Not Ready for Data 
EO! — End or identify : : NODAC — Not Data Accepted 


ATN — Attention 


1 ignai Li 
(FC — Interface Clear . Tec Slane tines 
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FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 
3.0 V (Output) se oy 
Input 
ov ~ vine Receiver 400 
7 nput Output 
PHL(R) 0 
Vou Driver 
Output . Input 15 pF 
Vou 
1N916 
or equiv 
Pulse . 
Generator 
FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) : 
3.0 V 
Driver input 50% , 
ov 
: . : TPHL(D) 
ToScope 3.0 V . +5.0 v To Scope VOH 
(input) ? (Output) Output 
Vou 
3.0V 
: 3 Enable Input 
Pulse | eS 
Generator - ov 
—— 
Enable 50 pF 
. a input | tPLH(E) | tPHL(E) 
ute Vou 
Be Output 
: mae Vou 
FIGURE. 3 — TYPICAL RECEIVER HYSTERESIS FIGURE 4 — TYPICAL BUS LOAD LINE 


CHARACTERISTICS 


igus. BUS-CURRENT (mA) 


Vo, OUTPUT VOLTAGE (VOLTS) 


20. ~SOCO 2:0 4.0 6.0 
Vj, INPUT VOLTAGE (VOLTS) % Vpus, BUS VOLTAGE (VOLTS) 
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ORDERING INFORMATION 


Device _- Temperature Range Package 
MC3446 - O°C to +70°C © Plastic DIP 


Mc3446 


QUAD INTERFACE: 
BUS TRANSCEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


QUAD GENERAL PURPOSE INTERFACE BUS © 
-(G.P.1.B.). TRANSCEIVER 


The MC3446 is a quad bus transceiver intended for usage in 
instruments and programmable calculators equipped for inter- 
connection into complete measurement systems. This transceiver 
allows the bidirectional flow of digital data and commands between 
the various instruments. The transceiver provides four open- 
collector drivers and four receivers featuring hysteresis. 


@ Tailored to Meet the IEEE Standard 488-1975 (Digital Interface 
for Programmable Instrumentation) and the.Proposed IEC 
Standard on Instrument Interface 

Provides Electrical Compatibility with Hewlett Packard Inter- 
face Bus. (HP-IB) 

MOS Compatible with High Impedance Inputs 

Driver Output Guaranteed Off During Power Up/Power Down 

Low Power — Average Power Supply Current = 12 mA 

Termination Resistors Provided 


P SUFFIX 
PLASTIC PACKAGE 
“CASE 648 


PIN CONNECTIONS 


TYPICAL MEASUREMENT SYSTEM APPLICATION 


Receiver 
Output A Vec 


Receiver 
Buss Output BD 
Driver 
Input A | Bus D 
Enable Driver 
ABC Input D 
Driver 
Input B 


Instrument 
A Enabie D 

(with GPIB) | gene 

Driver 


Bus 8B 
Programmable : Input C 
Catculator 


(with GPIB) 


Receiver 


Bus C 
Output B a 


Gnd Receiver 


Instrument Output C 


: 8 
(with GPIB) 


16 Lines Total 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


Operating Ambient Temperature Range 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V < Vcc < 5.25 V and O< Ta < 70°C, typical values are at 
ae 25°C, Voc = 5.0 V) ; 


symbol | Min | typ | Max unit __ 


DRIVER PORTION 


Input Voltage — Low Logic State 


Input Current — High Logic State 
(Vin =2.4V) 


Input Current — Low Logic State 
(ViL = 0.4 V, Veg = 5.0 V, Ta = 25°C) 


Output Voltage — High Logic State (1) 
(Vinis) = 2.4 V or Vin(p) = 2.0 V) 


Output Voltage — Low Logic State 

(Vitis) = 0.8 V, ViL(D) = 9-8 V, loL{p) = 48 mA) 
Input Breakdown Current 

(Vi(p) = 5.5 V) 


RECEIVER PORTION 


ae a ee eee are 
Input Threshold Voltage — Low to High Output Logic State ViLH(R) Loos} age] ae To | 
‘Input Threshold Voltage — High to Low Output Logic State VIHLIR) es ee ee ee 


Output Voltage — High Logic State 
(ViH(R} = 2.0 V. IOH(R) = -400 HA) 


(Vit(R) = 9.8 V, loL(R) = 8.0 mA) : ‘ 
Output Short-Circuit Current ee pe ey 
(ViH(R) = 2-0 V) (Only one output may be shorted at a time} 


BUS LOAD CHARACTERISTICS 
Bus Voltage 


(Vinie) = 2.4 V) 
(IgUs = -12 mA) 
(ViH(O)= 2-4 V, Vagus 25.0 V} 
(ViH(D) =.2.4 V, Vagus = 0.4 V) 
(Vagus <5.5 V) 


TOTAL DEVICE POWER CONSUMPTION 


Power Supply Current 
(All Drivers OF F} 
(All Drivers ON) 


Bus Current 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V. Ta = 25°C) 


Characteristic 


DRIVER PORTION - 


Propagation Delay Time from Driver Input to Low Logic State Bus Output SEE 
Propagation Delay. Time from Driver Input to High Logic State Bus Output | tprHio) | = tn 
Propagation Delay Time from Enable Input to Low Logic State Bus Output Ptpuue) |  - | 39 | 50s 
Propagation Delay Time from Enable tnput to High Logic State Bus Output fterntey) | - of 32ST 50 fins 
RECEIVER PORTION ; . 

Propagation Delay Time from Bus Input to High Logic State Receiver Output fterHin) | =] 870 Ts 3) 
Propagation Delay Time from Bus Input to Low Logic State Receiver Output ee ee ee ee ee 


(AA) MOTOROLA Semiconductor Products Inc. 
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FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FRO! 
_ RECEIVER INPUT (BUS) TO OUTPUT ; . 


To Scope 
Sigh tOutpuel +5.0V 
Input 
To Scope se 
Receiver 
ov (Input) ae 


Output 


tPHL(R) tPLH(R) 
VoH 
Output 


VoL 


Driver 


Input -15 pF 


= 1N916 


50 Enable 
Input 


or equiv 


Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


ToScope 3.0 V +5.0 V 


(input) To Scope 


(Output) 3.0 V 


Driver Input 
or Enable 50% 
Ov 


50% 
: Driver 
{Input 


Pulse VOH 
Generator. Output 
O00 Enable 50 pF Vo. 
= ; Input i} 
FIGURE 3— TYPICAL RECEIVER HYSTERESIS i : ’ FIGURE 4 — TYPICAL BUS LOAD LINE 


CHARACTERISTICS 


a 
= z. 
2 = 
ww 2 
.2 iw 
= Ss 
$ 2 
- > 
> bd 
e 2 
3 FE 
3 : 
> 
Vy, INPUT VOLTAGE (VOLTS) a : Veus, BUS VOLTAGE (VOLTS) 


(AA) MOTOROLA Semiconductor Products inc. 
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—-X03448 


Product Preview 


BIDIRECTIONAL INSTRUMENTATION BUS (HP-IB) 
TRANSCEIVER 


QUAD THREE-STATE BUS 
TRANSCEIVER WITH 
TERMINATION NETWORKS 


This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the [EEE Standard Instrumentation ~ 
Bus (488-1975 often referred to as HP-!B). The required bus 
termination is internally provided. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver.of each 
channel is enabled by its corresponding Send/Receive input with the 
disabled output of the pair forced to a high impedance state. An 
additional option allows the driver outputs to be operated in an 
open collector or active pull-up configuration. The receivers have 
input hysteresis to improve on noise margin and their input loading 
follows the bus standard specifications. 


Silicon Monolithic 
Integrated Circuit 


Four Independent Driver/Receiver Pairs 

Three State Outputs 

High impedance Inputs — 1H = 40 WA (Typ) 

Receiver Hysteresis — 650 mV (Typ) 

Fast Propagation Times — 20 ns (Typ) 

TTL Compatible Receiver Outputs 

Single +5 Volt Supply 

Open Collector Driver Output Option 

Power Up/Power Down Protection (No Invalid Information 
Transmitted to Bus) 

No Bus Loading When Power Is Removed From Device 

Required Termination Characteristics Provided 


CASE 648 
P SUFFIX 
PLASTIC PACKAGE 


Send/Rec. 2 
Input A ce 


MAXIMUM RATINGS (T= 25°C untess otherwise noted.) Data A = readie a 


Bus A ; Oata D © 
Pull-Up 
Enable Bus D 
Input A-B Pull-Up 
Enable 
Input C-D 


Bus C 


Send/Rec. [~ ; Data C 
Input B 


[one] 
[ss | vee | 


Junction Temperature 


Operating Ambient Temperature Range 


Storage Temperature Range -65 to +150 


Send/Rec. 
TYPICAL MEASUREMENT Input C 
SYSTEM APPLICATION , 


Instrument 
A 
(with HP-1B) 


Programmabie 
Calculator 
(with HP-IB) TRUTH TABLE 


instrument [4 
B RE 
(with HP-1B) | a OO 


*% = Don't Care 


16 Lines Total 


This is advance information and specifications are subject to change without notice. 


5-155 


-XC3448 


“N 


_V(Bus) 
Vic(Bus) 
(BUS) 


=08 V) 


=2.0V) 


2.0 V, Vinnie) 


tPLH(D) 
tPHL(D) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V < Vcc < 5.25 V and 0< Ty < 70°C, 
typical values are at Ta = 25°C, Vcc = 5.0 V) 
[typ | Max | Unit__| 
Bus Voltage : 
(Bus Pin Open) (Vj (sR) = 0.8 V ; Vv 
(igus) =-12MA) Vv, 
Bus Current 
(V(gus) = 0.4 V) 
(Vcc =0 V,0 V < V(gus) < 5.25 V) 
Receiver Input Threshold 
(V (S/R) = 0.4 V, Low to High) VILHIR) 
(Vi(s/R) = 04 V, High to Low) VIHLIR Fi a 
ee eae aVitc 4 ae 400. av oes Bh PL 
(Vi(S/R) = 0-4 V, loL(R) = 16 MA, V(BUs) 
Fc (ise eee ee lea 
(Vi(s/R) = 9.4 V, V(gus) = 2.0 V) : 
Driver Input Voltage — High Logic State ViH(D) 2.0 Vv 
(Vi(S/R) = 2.0 V) 
Driver Input Current uA 
(Vysyr) = 2.0 V, 0.4 V < Vp) < 4.5 V) -40 40, 
- 2000 
(Vis/R) =2.0V,lic(p) =-18 MA) ; 
“(Vi(S/R) = 2.0 V, Vin(D) = 2.0 V, Vig(e) = 2-0 V. lon =-5.2 MA) 
(Vi(s/R) = 2.0 V, lot (Dp) = 48 MA) : 
(Viis/R) = 2.0 V, Vin (D) = 
Power Supply Current 
65 
(Talking Mode — Alt Drivers On) 95 
SWITCHING SOE ACT ERISUGS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 
Propagation Delay of Driver 
(Output Low to High) 
Propagation Delay of Receiver 
(Output Low to High) 


(V(Bus) 2 5-5 V) 
Receiver Input Hysteresis ; mV 
(Vi(s/R) = 0.4 V) , 
(Vi(s/R) = 0.4 V, IOH(R) =-400 ZA; V(Bus) = 2.0 V) 
Receiver Output Short Circuit Current 
Driver Input Voltage — Low Logic State VILID) eee Vv 
(Vi(s/R) = 2.0 V) j 
(Vi(s/R) = 2.0 V, 0.4 V < Vy(p) = 5.5 V) 
mac Petty vn aa ee ee ee ee 
(Listening Mode — All Receivers On) 
Symbol es ee SE Da 
(Output High to Low) 
(Output High to Low) 


tPLH(R) 
tPHL(R) 


‘| Propagation Delay Time — R/W to Data 


Logic High to Third State tPHZ(R) 
Third State to Logic High “tPZH(R) 
Logic Low to Third State tPLZ(R) 


Third State to Logic Low 
_| Propagation Delay Time — R/W to Bus. — 


tPZL(R) 


Logic High to Third State tPHZ(D) 
Third State to Logic High tPZH(D) 
‘Logic Low to Third State tPLZ(D). 
Third State to Logic Low 


tTPZL(D) 


@) MOTOROLA Semiconductor Products ine. 
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; PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 


To Scope 

: ; (Output) a5 0V 

30V-———, 
input 

To Scope 240 
ov (Input) i 
tPLH(R) TPHL(R), 

VOH 

Output 15V 


1N916 
VOL 


or equiv 


Pulse 
Generator 


N 


FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 
To Scope 2.4 v fo Bebe 
‘o Sc 
sine) Send/Rec (Output) 5,0 V 
o © 


3.0 V 
Driver Input 
or Enable 50% 
ov 


50% 


tPLH(D) 
VoH 
Output 


VoL 


TPHL(D) 
1N916 

or Equiv 
Pull-Up Enables 


(Pin 4 and Pin 12) Held at Viy4q 


FIGURE 3 — SEND/RECEIVE INPUT To BUS OUTPUT (DRIVER) 
4.0V 


To Scope 
(Output) 


3.0 V 


t 
Inpu Py 
i Pull-Up igh 
High 0 Hig tPZH(D 
O © Output 
— Liew 0 


500 High to Open 
To Scope 


(Input) 41N270 Output 


or Equiv . Low to Open 10% 
Pulse 0.9V 
Generator ‘ 


tPLZ(D) 


f= 1.0 MHz 
= tTLH = tTHL = < 10 ns 
Duty Cycle = 50% 
FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 


5.0 V 3.0 V—— 
Input 
Pos To Scope Ov 
4.0 Vv ‘ oO t t 
(Output) 1k 
Output 
High to Opeh 
250 
Output 


Low to Open 10% 


tPLZ(R) 


; f= 1.0 MHz 
tTLH = tTHL < 10Nns 
Duty Cycle = 50% 


(S) MOTOROLA Semiconductor Products inc. 
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x 


FIGURE 5 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS FIGURE 6 — TYPICAL BUS LOAD LINE © 


< 
as 
& 
2 
uu 
ae 
a 
> 
ow 
na 
2 
a 
na 
2 
# 


Vo, OUTPUT VOLTAGE (VOLTS) 


~4.0 -2.0 0 20° 40 6.0 
Vj, INPUT VOLTAGE (VOLTS) = Veus, BUS VOLTAGE (VOLTS) 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 
can tolerate at a given operating ambient temperature, can currents at the.worst case operating condition. _ 

f f ion: 
De Ouse Tron te ee {TR TJ(max) = Maximum Operating Junction Temperature 

Po(Ta) = _dimax) = 1A as listed in the Maximum Ratings Section 
Re ja(T yp) Ta = Maximum Desired Operating Ambient 

Where: Pp(T,) = Power Dissipation allowable at a given Temperature : : 
operating ambient temperature. This must be greater than Rasa(Typ) = peat lle Resistance Junction to 


2 @) MOTOROLA Semiconductor Products inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC3450L 0°C to +70°C _ Ceramic DIP 
MC3450P o°c to +70°C Plastic DIP 
MC3452L 0°c to +70°C Ceramic DIP 
MC3552P 0°C to +70°C Plastic DIP 


Specifications and Applications 
Information | 


QUAD MTTL COMPATIBLE 
LINE RECEIVERS 


The MC3450 features four MC75107 type active puilup line 
receivers with the addition of a common three-state strobe input. 
When the strobe input. is at a logic zero, each receiver output state is 
determined by the differential voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the high impedance 
state. i 

The MC3452 is the same as the MC3450 except that the outputs 
are. open collector which permits the implied “AND” function. 

The strobe input on both devices is buffered to present a strobe 
loading factor of only one for all four receivers and inverted to 
provide best compatability. with standard decoder devices. 


@ Receiver Performance Identical to the Popular 
MC75107/MC75108 Series 


@ Four Independent Receivers with Common Strobe Input 
@ Implied “AND” Capability with Open Collector Outputs 
@ Useful asa Quad 1103 type Memory Sense Amplifier 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


1-K WORD 1-K WORD 1-K WORD 
Mos MEMORY] } |MOS MEMORY] ] [MOS MEMORY 
+-K WORD 1-K WORD 1-K WORD 
MOS MEMORY{ {| {MOS MEMORY] [MOS MEMORY 
1-K WORD 1 WORD 1-K WORD 
MOS MEMORY T {MOS MEMORY] | MOS MEMORY Br 
-foureut! 
1-K WORD © 1-K WORD 1-K WORD #4 
MOS MEMORY] [MOS MEMORY |T |MOS MEMORY 
200 


s 


ODATA BIT #4 


DATA BIT OUTPUT #3 
ODATA BIT #3 


DATA BIT OUTPUT #2 
O DATA BIT #2 


DATA BIT OUTPUT #1 
18k 


ee 


O DATA BIT #1 


= a 
STROBE ° > 
. Only four MC3450 devices are required for a Le —— 
4-k word by 16-bit memory system. 


Lic 


MC3450 
—-MC3452 


QUAD LINE RECEIVERS 
WITH COMMON THREE-STATE 
STROBE INPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PSUFFIX . 
PLASTIC PACKAGE 
CASE 648 


. CONNECTION DIAGRAM 


=» INPUTS — 


moe 


OUTPUT 
INPUT STROBE | MC3450 | MC3452 
Vin2 
+25 mV 


-25mV< 
Vip &+t25 mv 


ViosS L 
-25 mV 


iL = Low Logic State 
H = High Logic State 
‘Z= Third. (High Impedance) State 
| = tndeterminate State 


MC3450, MC3452. 


MAXIMUM RATINGS (T, ‘= 0 to +70°C unless otherwise noted.) 
a ee ee | 


Power Dissipation (Package Limitation) 
Ceramic Dual In-Line Package 
Derate above Tp = +25°C 
Plastic Dua! in-Line Package 
Derate above Ta = +25°C 


6.6 
a) eS eal 


Symbol 


Power Supply Voltages Vcc 


Output Load Current ; 7 
Differential-Mode Input Voltage Range 
Common-Mode Input Voltage Range 


Input Voltage Range (any input to Ground) 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = -5.0 Vdc, Ta = 0 to +70°C unless otherwise noted.) 


Symbol 


High Level Input Current to Receiver Input NHI) 
Low Level Input Current to Receiver Input Nea) 


High Level Input Current to Strobe Input NH(S) 
VIH(S) = +2.4 V 
VIH(S) * +5.25 V 

Low Level Input Current to Strobe Input NL(S) 
ViHis) =*0-4-V 


[Srorecireurt Output Curent ‘| tos 


High Logic Level Supply Current from Veg | leew | 


Time (Differential Inputs) 
Time (Differential Inputs) 


High Logic Level to Open State Propagation tpHz(S) 
; Delay Time (Strobe) : 
Open State to Low Logic Level Propagation tPZL(S) 
Delay Time (Strobe) eh 
Low Logic Level to Open State Propagation tPLz(S) 
: Delay Time (Strobe) ; 


|. High Logic to Low Logic Level Propagation tPHL(S) 
Delay Time (Strobe) 
Low Logic to High Logic Level Propagation tPLH(S) 
Delay Time (Strobe) 4 
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MC3450, MC3452 


FIGURE 2 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


INPUT 


TO OTHER 
VEE O RECEIVERS 


Dashed compo nents apply to the MC3450 circuit only. a 


* 
TEST CIRCUITS 
FIGURE 3 — Icex,. Von. AND Voi 
v1 +4.75 V 
v2 : 
TEST TABLE 
ore — 
vs fzevev]| - [eaov} ~ [sov] — | oni 
va 
| eno _| 


(MC3452) 


Channet A shown under test. Other channels are tested similarly. 


+5,25 V 


: 1 orl 
5.25 V a 


O O 
ES i 
O MC3450 rs | 
| 8 mesas2 ['% 
: HS 
: 
Vin(s) or 58 lo _| 
Virisy 
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TEST CIRCUITS (continued) 


FIGURE 6 — los 


FIGURE 7 — 14 


+5.25 V 


Channel A shown under test, other channels are tested similarly. 
Only one output shorted at a time. 


Channel A(-) shown under test, other channels are tested 
similarly. Devices are tested with V1 from +3.0 V to -3.0 V. 


FIGURE 8 — i : FIGURE 9 — Io¢¢ 
= 3.0 V 
+3, +8. 
Vv1-2.0V +5.25 V Bee 
vi 
68) | +2.0 V 
+3. MC3450 
-§.26 V 
y MC3452 ~5.25 V ; 


Channel A(-) shown under test, other channets are tested 


similarty. Devices are tested with V1 from +3.0 V to -3.0 V. Output of Channel A shown under test, other outputs are 


tested similarly for V1 = 0.4 V and +2.4 V. 


FIGURE 10 — RECEIVER PROPAGATION DELAY tpzy(p) AND tpHL(p) 


+5.0V 


+100 mV 


200 mV-—----~ 
Ein : 
MC3450 ov 
tPLH(D) 
VOH 
Ein EQ" 


VoL 


Ein waveform characteristics: 


tT LH aNd trHL<10 ns measured 10% to 90% 
PRR = 1.0 MHz 


> Duty Cycle = 500 ns 
Output of Channel 8 shown under test, other channefs are tested similarly. : ‘ 


Stat "A" for MC3452 
$1 at “B" for MC3450 
C, = 15 pF total for MC3452 
C_ = 50 pF totat for MC3450 
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TEST CIRCUITS (continued) 


FIGURE 11 — STROBE PROPAGATION DELAY TIMES tpLz(s) tPeZL(S) tPHZ(S) and tPZH(S) 


+5.0 V , 


vi 
V2 


700mV 
Peenzis) | NO [160 mV 


Peeznisy [eno [roomv | Ooen | oma | S0rF 


C_ includes jig and probe capacitance. 
Ejn waveform characteristics: 

trey and try 1 S10 ns measured 10% to 90%. 
PRR = 1.0 MHz 


IN916 
or equiv 


ie Duty Cycle = 50% 
& Eo = : 
Output of Channel B shown under test, 
other channels are. tested similarly. 
3.0 V-----4 
Ein 
ov 
tPLz(s) *PHZ(S) tPHz(s) 
3.0V 
Ein OV—~----F 
tPZL(S) tPpZ2L(S) 


15 V 


+5.0V 


+100 mV 


E jn waveform characteristics: 

tT LH and tri, <10 ns measured 10% to 80%" 
PRR = 1.0 MHz 

Duty Cycle = 500 ns 


Output of Channel B shown under test, other channels are tested similarly. 
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APPLICATIONS INFORMATION 


FIGURE 13 — IMPLIED “AND” GATING 
Vref 


+5.0 V 
AODRESS #1 


ADDRESS #2 


ADDRESS #3 


OUTPUT 
ADDRESS #4 


The MC3452 can be used for address decoding as illustrated 
above. All outputs of the MC3452 are tied together through a- 
common resistor to +5.0 volts. In this configuration the MC3452 
provides the “AND” function. All addresses have to be true 
before the output will go high. This scheme eliminates the need 
for an “AND"' gate and enhances speed throughput for address 
decoding. 


. « 


> 


FIGURE 15 — SINGLE-ENDED UNI-BUS* LINE RECEIVER 
APPLICATION FOR MINICOMPUTERS 


£ 1N914 
_or equiv 3k 


+*5.0V 


Veet = 2.0 V1 92222 or equiv 


DATA 
DATA BUS 


DATA 


ADORESS 
ADDRESS BUS 


NTR 
CONTROL BUS CONTBOE 


~ MC3450 
MC3452 


STROBE *Trademark of Digitai 


Equipment Corp. 
J Pi p 


TO ADDITIONAL 
RECEIVERS 


s 


The MC3450/3452 can be used for single-ended as well as 
differential Sine receiving. For single-ended line receiver appli- 
cations, such as are encountered in minicomputers, the con- 
figuration shown in Figure 15 can be used. The voltage source, 
which generates Vref, should be designed so that the Vre¢s 
voitage is halfway between Voy(min) and Vo, (max). The 
maximum input averdrive required to guarantee a given logic 
state is extremely small, 25 mV maximum. This low-input over- 
drive enhances differential noise immunity. Also the high-input 
impedance of the line receiver permits many receivers to be 
placed ona single tine with minimum load effects. : 


; 


COMPUTER 
BUS 


FIGURE 14 — BIDIRECTIONAL DATA TRANSMISSION 


45.0 V _Vret 
1/4 (MC4042) 
CIRCUIT 


 crniaeiaeian. 


180 


STROBE: 1/4 (MC3450) 


CIRCUIT . 


The three-state capability of the MC3450 permits 
bidirectional data transmission as illustrated. 


FIGURE 16 — WIRED “OR” DATA SELECTION USING 
THREE-STATE LOGIC 


STROBE 


DATA 
OUTPUT 


Q3 
O O O 
1 
ms 1/2 MC4007 


A2 CIRCUIT 


mi 
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APPLICATIONS INFORMATION (continued) 


FIGURE 17 — PARTY-LINE DATA TRANSMISSION SYSTEM 


WITH MULTIPLEX DECODING 


/ 


OUTPUTS 
DATA 
OUTPUTS 
DATA 
OUTPUTS 


= 


O STROBE 


MC3450 
QO STROBE 


Mc3450 
MC3452 


uw 
ao 
oO 
x 
a 
n 


DATA 
INPUTS 
DATA 
INPUTS 
“DATA 
INPUTS 


DATA 
OUTPUTS 


MC3450 
MC3452 


INPUTS 


DATA 
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ORDERING INFORMATION 


Device Temperature Range Package. 
MC3453L. 0°C to +70°C Ceramic DIP 
MC3453P 0°C to +70°C Plastic DIP 


MTTL COMPATIBLE QUAD LINE DRIVER. 


The MC3453 features four MC75110 type line drivers with a 


common inhibit: input. When the inhibit input is high, a constant 
output current is switched between each pair of output terminals in 
response to the logic level at that channel's input. When the inhibit 
is low, all channel outputs are nonconductive (transistors biased to 
cut-off). This minimizes loading in party-line systems where a large 
number of drivers share the same line. 


@ Four Independent Drivers with Common Inhibit Input 


® -3.0 Volts Output Common-Mode Voltage Over Entire Operating 


Range 


@ Improved Driver Design Exceeds Performance of Popular MC75110 


OaTa 
INPUTS. 


CATA 
INPUTS 


OATa 
INPUTS 


DATA 
INPUTS, 


FIGURE 1. -- PARTY-LINE DATA TRANSMISSION SYSTEM WITH 
- MULTIPLEX DECODING 


O STAOBE 


DATA 


* ourteurs 
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DATA 
ouTeutTs. 


DATA 
ouTeuTs 


DATA 
OuTPUTS 


QUAD LINE DRIVER WITH 
COMMON INHIBIT INPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


CONNECTION DIAGRAM 


INPUT B 
OUTPUT A 
z = 
OUTPUT B 
z z 
OUTPUT C 
Y z 
OUTPUT D 
INHIBIT Y ; 


INPUT C INPUT D 


GND Vege 


TRUTH TABLE 
’ (positive logic) 


OUTPUT 
CURRENT 


L = Low Logic Level 
H = High Logic Level 


MC3453 


MAXIMUM RATINGS (Ta = 0 to sd be unless otherwise noted.) 


Power Supply Voltage 


Logic and Inhibitor Input Voltages. 
Common-Mode Output Voitage Range 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual In-Line Packages mw 
Derate above Tp = +25°C — mire 


Storage Temperature Range ~65 to +150 
Plastic and Ceramic Dual In-Line Packages : 


RECOMMENDED SEE RATING CONDITIONS (See Notes 1 and 2. aoe 


Symbol 


Power Supply Voitages Vcc | Min 75 - Neck | 0 | Mex | 25 ie 
VEE ~4.75 ~5.0 ~5.25 


Common-Mode Output Voltage Range 
Positive 
Negative 


Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When not using ail four channels, unused outputs must be grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* 
Characteristic 
High-Level input Voltage (at any input) 
Low-Level Input Voltage (at any input) 


_ “The algebraic convention, where the most positive limit is designated maximum, is used with Logic Level input Voltage Levels only. 


ELECTRICAL CHARACTERISTICS (T, =0 to +70°C unless otherwise noted.) 
Characteristic## 
High-Level Input Current (Logic Inputs) 
(Voc = Max, Veg = Max, Vip, = 2.4V) - 
(Voc = Max, Veg = Max, Vin, = Voc Max) 
Low-Level Input Current (Logic Inputs) 
-(Vcec= Max, Veg = Max, Vinp = 0.4 V) 
High-Level input Current (Inhibit Input) 
(Vcc = Max, Veg = Max, Vin, = 2.4 V) 
(Voc = Max, Veg = Max, Vij, = Voc Max) 
Low-Level !nput Current (inhibit input) 
(Voc = Max, Veg = Max, Vit) = 0.4 V) 
Output Current (“‘on” state) 
(Voc = Max, Veg =-Max) 
(Voc = Min, Veg = Min) 
Output Current ("‘off” state} 
(Voc = Min, Veg = Min) 
' Supply Current from Voc (with driver enabled) 
(Ving = 0.4 V, Vit, = 2.0 V) 
Supply Current from Veg (with driver enabled) 
(Vit_ =9.4 Vv, Vii, = 2.0 V) 


Supply Current from Veg (with driver inhibited) 
(Vit, = 0.4 V, Vit, = 0.4 Vv) 


Supply Current from Veg (with driver inhibited) 
(Vitp = 0.4 V, Vity = Ba! 


#A\\ typical vatues are at Voc = +5.0 V, Veg = -5.0 V, Ta = +25°C. 
##F or conditions shown as Minor Max; use the: appropeats value specified under fechinmuctied operating 
conditions for the applicable device type. 
Ground unused inputs and outputs. 
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MC3453 


“Symbo 


Propagation Delay Time from Logic Input to 
Output Y or Z (Ry_ = 50 ohms, Cy = 40 pF) 
: Propagation Delay Time from Inhibit Input 
to Output Y or Z (R_ = 50 ohms, Cy = 40 pF) | 


FIGURE 2 — LOGIC INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS 


3.0 V 
LOGIC INPUT 
Ov 


ov 


OUTPUT 
Y 


ov 


OUTPUT 
Zz 


FIGURE 3 — INHIBIT INPUT TO OUTPUTS PROPAGATION 
: DELAY TIME WAVEFORMS 


3.0 V 


INHIBIT 
INPUT 50% 50% 


Ov 


tPHL, 
Ov 
OUTPUT 50% 
Y a 


OUTPUT Z 
Ov 


TEST CIRCUITS 


DELAY TIME TEST CIRCUIT 


FIGURE 4 — LOGIC INPUT TO OUTPUT PROPAGATION 


Ejq to Scope Veco = +5.0 V 


MC3453 


Channel A shown under test, the other 
channels are tested similarly. 


FIGURE 5 — INHIBIT INPUT TO OUTPUT PROPAGATION 
DELAY TIME TEST CIRCUIT 


Vec= +5.0V 


Output 


(totat) — 


E;, to Scope - 
” is MC3453 


Ein 


*TLH = TTHL 
<10 ns 


_ Channel A shown under test, the other 
channels are tested similarly. 


MC3453 


FIGURE 6 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


ell | 
ae 


To Other 
Drivers 


To Other 
Drivers 
Inhibit Input ; 
O To Other 


Drivers 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC3459L 0°C to +70°C Ceramic DIP 
MC3459P 0°C to +70°C ' Plastic DIP 


Specifications and Applications 
. Information 


QUAD NMOS MEMORY ADDRESS DRIVER 


The MC3459 is designed for high-speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful! 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 


@ Fast Propagation Delay Time — 
20 ns Typical with 360 pF Load 
@ Qutput Voltages Compatible with NMOS Memories 
bs Inputs Compatible in MTTL and MDTL Logic Families 
@ Output Loading Factor — 50 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


OUTPUT 
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QUAD NMOS ADDRESS 
LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Output 
A 
Input 
18 


Input 
2B 


Output 
B 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


a 
Lt 
SEaeZ 
ae saeee aay ee edd 


MC3459 


MAXIMUM RATIN Ss (Ta = 25°C unless otherwise noted.) 


e 
Power Supply Voltage 


Power Dissipation (Package Limitation 
Ceramic Package @ Ta = 25°C ‘ 
Derate above Ta = 25°C 
Plastic Package @ Ta = 25°C 
Derate above Ta = 25°C 


“Ceramic Package @ Tc = 25°C 


Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
_ Derate above Tc = 25°C 


Operating Ambient Temperature Range 


Junction Temperature 
at Ceramic Package ~ ‘ 
Plastic Package ; 


Storage Temperature Range ~65 to +150. a: Ge 


ELECTRICAL CHARACTERISTICS unles otherwise noted, 4.75 V < Vcc < 5.25 V and 0 < Ta < 70°C) 


Ceractoristic Sot in tye) [Max [Unie 
‘input Voltage — High Logic State Ts a ee 
Input Voltage — Low Logic State ee a a 


Input Current — High Logic State 
(Vcc = 5.25 V, Ving = 2.4 V) 
(Vcc = 5.25.V, Vin = 5.5V) 
tnput Current — Low Logic State 
(Voc = 5.25 V, Vit = 0.4 'V) 


Output Voltage — High Logic State 
(Vcc =4.75V,Vi_=08V, 10H = -640 nA) 
(Voc = 4.75 V, Vit = 0.8 V, IQH = -2.0 mA) 


Output Vlteos ~ cou Logic Site 
(Voc = 4.75 V, Vin = 2.0 V, Iou = 640 uA) 
(Veco = 4.75 V, Ving = 2.0 V, fou = 80 mA) 


Power Supply Current — Outputs Low Logic State 
(Vcc =5.25V,Vin=5.0V) _ 


Propagation Delay Time — High to Low Logic State 
' 4 Propagation Delay Time — Low to High Logic State 


(1) Typical values measured at Ta = 25°C, Vcc = 5.0 V. 
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-MC3459 


VOoH 
Output 


VoL 


FIGURE 2 — POWER CONSUMPTION versus 


gee ele 
[stooredare | PP 


+ ° ry 
FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 


To Scope 


—_— —~— TTHL < 5.0 ns 
(input) 


To Scope 
(Output) 


f= 1.0MHz 
o| PW = 500 ns 


1/4-MC3459 


Pulse 
Generator 


All four drivers 
tested simultaneously 


= 360 pF 
{includes probe and 
jig capacitance) 


TYPICAL PREFORMANCE CURVES 


FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 


OPERATING FREQUENCY 


i a es 


Vec = 5.0V 


Pc, POWER CONSUMPTION (mW) | 
(TOTAL OF FOUR ORIVERS) 


CYCLE = 50% 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 
(Expanded Scale) 


VOH, OUTPUT VOLTAGE — HIGH LOGIC STATE (VOLTS) 


f, FREQUENCY (MHz) 


IQH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 
versus OUTPUT CUR RENT 


VoH, OUTPUT VOLTAGE — HIGH LOTIC STATE (VOLTS) 


Vec=4.75V 
Ta = 25°C 
ViH=2.0V 


VOL, OUTPUT VOLTAGE — LOW LOGIC STATE (mV) 


40 60 80 10 12 14 16 18 20 
loi, OUTPUT CURRENT — LOW LOGIC STATE (mA) 


MC3459 


APPLICATIONS SUGGESTIONS 


A majority of the new N-Channel MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switching due to the high speed and high current drive 
capability of the MC3459. The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground. lead. Current spikes are due to 
‘both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between Vcc and ground. 
: In order to minimize the effects of these currents, the 

following layout rules should be followed: 

1. The Vcc supply pin of each package should be by- 
passed. with a low inductance 0.01 uF capacitor. The 
0.01 wF capacitor will sustain the high surge currents 
required during switching. ; 

2. There is a large amount of current out of the ground 
node during switching — the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in- 
creasing its width. At least a 50 mil ground width is 
recommended. . 

Some of the NMOS memories with TTL logic com- 
patible inputs do not actually meet the TTL logic level 
requirements in the input high state voltage (Vj}4). There 
are N-Channel MOS. memories with a Vj minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a Vjy 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vcc or by 
increasing the Vcc voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V Vcc 
supply without affecting its input TTL logic compatibility. 
Figure 4 gives the typical VQH versus |Qy characteristics 
for both Vcc = 5.0 V and Vcc = 7.5 V. An expanded 
output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in 4 variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6— TYPICAL APPLICATION 
16K X N Memory System Employing 
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- ORDERING INFORMATION 


_ Device Temperature Range Package 
MC3460L 0°C to +70°C 


. Ceramic DIP 

MC3460P — 0°c to +70°C Plastic DIP 
MC3466L 0°c to +70°C Ceramic DIP 
Plastic DIP 


MC3466P 0°C to +70°C 


Specifications and Applications 


Information 


QUAD NMOS MEMORY CLOCK DRIVERS 
WITH REFRESH SELECT LOGIC 


The MC3460 and MC3466 are quad drivers for use with high-level 
clock lines in NMOS RAM systems. The MC3460 version is specified 
for 4K memory applications with a Vpp1 power supply voltages to 

_ +13 V. The MC3466 version is specified for mating with the 
MCM7001A 1K RAM and is guaranteed with a supply voltage Vpp1 
to 18 V. Both versions may be used with the Vpp2 pin connected 
to a separate supply > Vppj to increase the high logic state output 
voltage. 

The channel control logic is organized so that all four drivers 
may be deactivated for STANDBY operation, or single driver. may 
be activated for READ/WRITE operation or all four drivers may be 
activated. for REFRESH operation. 


Control Logic Optimized for Use in MOS RAM Systems 
High Speed Switching 


Vop1 and Vpp2 Variable Over Wide Range of Voltage to 
18 and 22 V Respectively (MC3466) 


Output Voitages Compatible with Many Popular MOS RAMs 
MTTL and MDTL Compatible Inputs 


TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL 
: SYSTEM (See Figure 17 for Details) 


c MC3459 MC3459 
Address Address Address 
Driver - - Driver Oriver 


NMOS 
* RAMS 
Lt td 
MC3460 
Clock 

Driver 
oa o amo mat 


TYPICAL APPLICATION WITH MCM7001 1K RAM 
AND TTL SYSTEMS (See Figures 22, 23 for Details) 


MC3459 MC3459 © MC3459 
Address Address Address 
Driver |. Oriver - Driver 


MCM7001 MC3461 MC10125 
1K NMOS| | Sense | |MECLtoTT 
RAMS Amplifier Translator 


5-174 


MC3460 
MC3466 


GATE CONTROLLED 
FOUR CHANNEL | 
MOS CLOCK DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT . 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Channel 
Select A Ei 


’ TRUTH TABLE 


|. ——sControl Ss | __ Address. | 


Channel | Refresh 
Enable 1] Enabie Select seieet 
4 
t 
{ 
L 
L 


~ t- 
1 i ; 
t U 
: H H 
L . ' 
4 t j 


H = High Logic State 
L = Low Logic State 
1 = trrelevant 


MC3460, .MC3466 


MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) 


| Power Supply Voitages 


| Input Voltage ; 


Power Dissipation (Package Limitation) 
Ceramic Package @ Ta = 25°C 
Derate above T, = 25°C 
Plastic Package @ Ta = 25°C 
Derate above Ta = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 14 


Operating Ambient Temperature Range 
Storage Temperature Range -65 to +150 


Junction Temperature 
Ceramic Package 
Plastic Package 


RECOMMENDED OPERATING CONDITIONS 


syst | ep [Ra [WT yp [Bia 


Power Supply Voltages 5.25 4.75 5.25 Vde 
; 13 4.75 18 Vdc 


17 Vpp1_ 22 Vde 
(Note 1) 10 Vde 


Note 1: Not to Exceed Maximum Recommended Operating Voltages 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges. Typical values measured at Ta = 25°C) : ' 


Characteristic 
Output Voltage — High Logic State 
(Vpp2= Vpp1+ 3.0V, Vit = 0.8 V) 
OH = -2.0 mA 7 


!oH = -40 mA 


Output Voltage — High Logic State 
' (Vpo2 = Vop1. Vit = 9.8 V) 
(See Applications Section of Data Sheet) 
loH = -100 vA 
IOH = -40 mA 


Output Voltage — Low Logic State 
(Vip = 2.0V, lot = +10 mA) ; 


Output Voltage — Low Logic State 


(Vin = 2.0 V, lo, = 40 mA) 
WV<Vpp2<17V. 
11V < Vpp2 < 22V" 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC3460, MC3466 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges. Typical values measured at T« = 25°C) 


Output Clamp Voltage Voc 
(ViL = OV, loc = 5.0 mA) 


Input Voltage — High Logic State - 


Input Clamp Voltage 
(jc =-12 mA) 


Input Current — High Logic State 
(V; =5.0 V) 
Channel Select Inputs 
Refresh Select and Enable Inputs 


Input Current — Low Logic State 
(Vip = 0.4 V) 
Channel Select !nputs 
Refresh Select and Enable Inputs 


Power Supply Current — Output — High Logic State 
(Voc = 5.25 V, Vit = OV, 1oH =O mA, 
MC3460 Vpp1 = 13 V, Vop2=17V, 
MC3466-Vpp1 = 18 V, Vpp2 = 22 V) 


Power Supply Current — Output — Low Logic State 
(Voc = +5.25, ViH = 5.0 V, log, =O mA, 
MC3460 Vpp1 = 13 V, Vpop2= 17 V, 
MC3466 Vpp71 = 18 V, Vop2 = 22 V) 


Power Supply Current — Output — High Logic State 
(Voc = +5.25 V, ViL = OV, 19H = OMA, 
MC3460 Vpp1 = Voo2= 13 V, 
MC3466 Vpp1 = Voo2= 18 V) 


SWITCHING CHARACTERISTICS (T, = 25°C, Vcc = 5.0 V; MC3460: Vpp1 = Vpop2= 12V, C_ = 480 pF; 
MC3466 : Vpp1 = Vop2 = 17 V. Vop = 15 V, Cy, = 480 pF) 


Propagation Delay Time — READ/WRITE Mode 
Output High to Low Level 
Output Low to High Level : 


Transition Time — READ/WRITE Mode 


Output High to Low Level - tTHL1 
Output Low to High Level tTLH1 
Propagation Delay Time — REFRESH Mode 
Output High to Low Level 
Output Low to High Levei 
Transition Time — REFRESH Mode 
Output High to Low Level tTHL2 
Output Low to High Level tTLH2 


(AA) MOTOROLA Semiconductor Products Inc. 


5-176 


MC3460, MC3466 


FIGURE 1 — SWITCHING TEST WAVEFORMS — MC3460 


trHL < 5.0 ns —a tT LH < 5.0 ns 

3.0 V 
Input 

OV 

: tpLH 
“YOH 
Vpp1 -2.0 V 

Output 

Vor 


Input Pulse Characteristics 
PRR = 1 MHz READ/WRITE Mode 
PRR = 100 kHz REFRESH Mode 
PW = 500 ns 
tTLH = tTHL < 5.0 ns 


FIGURE 2 — SWITCHING TEST WAVEFORMS — MC3466 


tTHL < 5.0 ns tTLH S 5.0 ns 


3.0 V 
Input 
* 
Ov 
toLH ? tDHL 
VOH = 
° Vop-2.0 V(13 V) Vop-2.0 V 13 Vv) 
Output 


VoL 


tTLH tTHL 


Input Pulse Characteristics 
PRR = 1 MHz, READ/WRITE Mode 
\ PW = 500 ns 
tTLH = tTHL < 5.0 ns 


* 


FIGURE 3 — SWITCHING TEST CIRCUIT FOR FIGURE 4 — SWITCHING TEST. CIRCUIT FOR . 
READ/WRITE MODE — MC3460 REFRESH MODE — MC3460 
To Scope To Scope -To. Scope To Scope 
(Input) (Output) : . (input) . : (Output) 


Enable 14 
O 


Enable 1 
O 


Enable 2 , Enable 2 
BoP 
Pulse Generator ~ Refresh. . Pulse Generator 


' Channel Select Channel Select — 


C_ Includes Jig and +2.4V 


C, Includes Jig and 
Probe Capacitance L 9 


Probe Capacitance 


(AA) MOTOROLA Semiconductor Products Inc. 
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_- MC3460, MC3466 


To Other Drivers 


o 
x 
° 
< 
3 
a 


FIGURE 7'°— DELAY TIMES versus LOAD CAPACITANCE 
(READ/WRITE MODE) 


tg, DELAY TIME (ns) 


Cl, LOAD CAPACITANCE (pF) 


FIGURE 5 — SWITCHING TEST CIRCUIT FOR 
READ/WRITE MODE — MC3466 


To Scope To Scope 
{Input) (Output) 


Enable 1 4N914 
_ or 
Equivalent 
OVop = 15V 


Pulse 
Generator 


Channel Select =< 
Cy Includes Jig and 
Probe Capacitance 


FIGURE 6 — REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


Vec Vpo2 Vop1 


TYPICAL PERFORMANCE CURVES 


ty, TRANSITION TIME (as) 


co=thV 
Voo1 = Vop2= +12V 
Ta = 25°C, f = 1 MHz 
P.W.= 500 ns 
See Figure 3 
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FIGURE 8 — TRANSITION TIMES versus LOAD CAPACITANCE 
{READ/WRITE MODE) - 
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€_, LOAD CAPACITANCE (pF) 


(AK) MOTOROLA Semiconductor Products Inc. 
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MC3460, MC3466 


‘t, SWITCHING TIMES (ns) ty, DELAY TIME (ns) 


Pp, POWER DISSIPATION (mW) 


TYPICAL PERFORMANCE CURVES 


FIGURE 9 — DELAY TIMES versus LOAD CAPACITANCE 
(REFRESH MODE) 


Vec=+5V 
Vob1 = Voo2=+12V 
Ta = 25°C, f= 100 kHz 
PW. = 500 ns 
See Figure 4 


0 100 200 300 400 500 
x 
Cz, LOAD CAPACITANCE PER DRIVER (pF) 


FIGURE 11 — SWITCHING TIMES versus TEMPERATURE 
(READ/WRITE MODE) 
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; Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 13 — POWER DISSIPATION versus FREQUENCY 
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VoL, OUTPUT VOLTAGE — LOW LOGIC STATE (mV) 


FIGURE 10 — TRANSITION TIMES versus LOAD CAPACITANCE 
(REFRESH MODE) 


tT, TRANSITION TIME (ns) 


t, SWITCHING TIME (ns) 
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CL. eee PER DRIVER (pF) 


FIGURE 12 — SWITCHING TIMES versus TEMPERATURE 
(REFRESH MODE) 
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FIGURE 14 — OUTPUT VOLTAGE — LOW LOGIC STATE 
versus OUTPUT CURRENT 


Ta +70°C 


[ 
LL 


Veco=t+5V 
Voo1=Vop2= 12V 
VIH =2.0V 


loL, OUTPUT CURRENT — LOW LOGIC STATE (mA) 


—(@&) MOTOROLA Semiconductor Products Inc. 
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MC3460, MC3466 


TYPICAL PERFORMANCE CURVES © 


FIGURE 15 — OUTPUT VOLTAGE — HIGH LOGIC OUTPUT 
STATE versus OUTPUT CURRENT 
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FIGURE 16 —- OUTPUT VOLTAGE — HIGH LOGIC STATE | 
versus OUTPUT CURRENT 
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“10H, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 17 — TYPICAL 16K WORD BY N BIT. MEMORY ARRAY 


4K Memory Chip: 
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MC3460, MC3466 — 


APPLICATIONS INFORMATION 


The MC3460 and MC3466 are designed specifically for 
dynamic N-Channel MOS random access memories (RAM’s) 
that require a single high-voltage clock. The unique design 
and electrical characteristics of these clock drivers will 
enhance the performance, as well as reduce the cost, of 
dynamic MOS RAM systems. 

Dynamic N-Channel MOS RAM’s that require a: high 
voltage clock have extremely low standby power when 
the clock isin the logic ‘‘0’’ state (Gnd). To take advantage 
of this low-power mode, the memory system should be 
partitioned such that only the memory chips of a selected 
word receive a clock signal (see memory system in Fig- 
ure 17). However, to reduce the amount of time spent 
refreshing the memory system, all memory chips of the 
system should be clocked for each refresh cycle. * 

The logic necessary to accomplish this desirable system 


feature has been incorporated in the clock drivers. Note . 


' from the block diagram and the truth table (on the front 
page of this data sheet) that the selection of a clock driver 
is dependent on the logic state of the REFRESH and 
CHANNEL SELECT inputs. Al! four drivers are selected 
when the REFRESH SELECT input (Pin 5) is at a logic 
“0” state. However, when the REFRESH SELECT input is 
at a logic ‘‘1" state, only those drivers that have their 
respective CHANNEL SELECT inputs at a logic “0” state 
will be selected. The timing and clock driver output pulse 
width are controlled by a logic “0” signal applied to one 
of the three ENABLE inputs. The other two ENABLE 
inputs allow the memory system to be expanded without 
additional address decoding. 

Figure 17 illustrates one possible clock driver con- 
figuration that can: be employed to drive a 16K word 
memory system comprised. of 4K dynamic MOS RAM's. 
The MC4007 is a one-of-four decoder that decodes the 
memory address sent from the CPU. Since the decoder 
outputs drive the clock driver SELECT inputs, only one of 
the four clock drivers will be selected. The timing and 

_ Clock driver output pulse width can be accomplished with 

. asimple one-shot (MC8602). The G output of the MC8602 


drives an ENABLE input of the MC3460/MC3466 and the 
clock pulse width is determined by the RC component 
values. 

For a memory refresh cycle, the REFRESH SELECT 
input of the MC3460/MC3466 is switched to a logic ‘'0" 
state which will select all of the clock drivers as noted 
earlier. On the falling edge of the REFRESH: SELECT 
signal, the one-shot is fired and at the same time all four 
clock drivers are selected for the refresh cycle since the 
REFRESH SELECT signal is in the zero state (See Fig- 
ure 17). At the end of the refresh cycle, the REFRESH 


SELECT signal is switched tothe logic "1" state and the _ 
memory system is set to accommodate another CPU mem- | 


ory request. The memory system access time will be 
enhanced with this scheme because no additional gating is 
required to accommodate the refresh cycle. 


SYSTEM CONS!DERATIONS 

Bypass and Layout — A considerable amount of noise 
can be generated during switching due to the high speed 
and high current drive capability of these drivers. The 


_ high charge or discharge current spikes during transitions 


can result in a considerable amount of noise being generated 
on the ground and Vpp1 leads. These current spikes are 
primarily due to capacitive load current. However, there 
is an additional component to the total current spike — 
which is due to both the upper and lower output driver 
transistors conducting for a short period of time during 
switching. This causes a low impedance path between the 
Vpp1 supply and ground during part of the transition time. 

In order to minimize the effects of these surge currents, 
the following layout rules should be followed: 


1. The Vpp1 supply pin of each package should be 
bypassed with a low inductance 0.1 uF capacitor. 
The 0.1 uF capacitor will sustain the high surge 
currents required during switching. 


2. The surge current that flows out of the driver 
ground pin during switching will generate noise. 
This noise will be:proportional to the ground 
impedance at. the ground pin. To insure mini- 
mum ground noise, the ground path to this pin 
should be as wide as possible. At least a 50 mil to 
100 mil ground line is recommended. 


Fanout Considerations — In a memory system, . the 
number of memory CHIP ENABLE inputs that can be 
driven by a single clock driver will depend on the input 
Capacitance and the input leakage current required at a 
specified minimum logic ‘'1’’ state (VCEH). Since the 
memory CHIP ENABLE input capacitance will affect the 
clock transition times, the total parallel input capacitance 
should not exceed that value which will cause the clock 
driver transition times to be slower than those specified 
for the memory. For a majority of the 4K RAM’s, the 
chip enable input capacitance is less than 40 pF. With a 
30 -pF loading, each driver of this device can drive. up to 
sixteen 4K memory chips. 


Although the input leakage current of each memory 
CHIP ENABLE is extremely smail, the total leakage cur- 


‘rent of the CHIP ENABLE inputs when paralleled in a 


memory system can exceed the output current of. the 
clock driver in the high output state (VO}). With the 
MC3460/MC3466 there are two methods that can be 
employed to increase the output current. The MC3460/ 
MC3466 has split high voltage power supplies (Vpp1 and 
Vpp2) as noted in Figure 18: With Vpp1 = Vpp2, the 
maximum - output current, that guarantees a minimum 
VoH of Vpp1 -1.0 Volt, is -100 uA. However, the 
output current can be greatly increased if a voltage 
greater than Vpp1 is applied to Vpp2. For Vpp2 = Vpp1 


x 
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+3.0 Volts, !OH can be increased to -2.0 mA for a VoH 
minimum of Vpp1 -1.0 Volt. For most 4K RAM’s, this 
current is sufficient to drive to 200 memory chips. 
However, if a higher voltage is not available for Vppz2 then 
the current can be increased by employing a pull-up 


resistor to Vpp1. The following formula can be used to © 


determine what value of pull-up resistor is needed to meet 
a given fanout requirement.. 


Vv -V mi 
< vob! oe in) a) 


where : 
IR = Nice) - [oH (2) 


lon is the clock driver output current for 
VOH(min) 2 VCEH(min) 


lice is the memory CHIP ENABLE input leakage 
current specification. 


N is the number of CHIP ENABLE inputs to be driven 
by the clock driver. 


For the memory system given in Figure 17, assume 
that each word has 16 bits. If the MCM6605 4K RAM 
were employed, then the pull-up resistor value would be 
calculated in the following manner. 


From the MCM6605 Specifications; 
VcEH(min) = Vpp -1.0 Volt @ lice = 10 uA. 


- From the MC3460 Specifications; 


For Vpp1= VpbD2 the minimum VoH is 
Vpp1 - 1.0 Volt @ an [oH = 100 nA 


Since the VoH (min) required by the MCM6605 is 
Vpp1 -1.0 Volt, equation (1) reduces to: 


R< Yop1-(Yoo1 42 Voit) 
R 
or as a 
Re OVO - (3) 
. tR ; 
From equation (2), since N = 16, IR = 
-100 nA = 60 WA. Substituting in this value of IR into 
Equation (3) yields the following value for R: ; 


1.0 Volt 


aS 60 uA 


= 16.6 k 


Overshoot — The finite inductance of the memory chip 


ENABLE line can cause the clock driver to overshoot ~ 


during switching. With fast switching clock drivers, the 
‘overshoot can exceed the maximum logic levels specified 
for the CHIP ENABLE input. To insure that the overshoot 
voltage does not exceed the maximum CHIP ENABLE in- 
put ratings the following two techniques can be employed: 

The amples: scheme is to place a damping resistor Rg 


16 (10 uA) 


in series with the clock line, (See Figure 17). The critical 
value of Rg can be calculated from the formula: 


a /Ls 
As=4 CL ; : . (4) 


where Lg is the clock line inductance and C; is the 
load capacitance. 
For most memory systems the value of Rg will range 
from 10 ohms to 50 ohms; 
The series damping resistor will also affect the transition 
times of the damped output waveform. Thus, the maximum 
value that may be used for Rg will be determined by the 


_mMaximum switching times specified for the CHIP ENABLE 
* input. The following equation can be used to determine 


the maximum value of Rg. : 
tT (max) < 2.2 Rs CL (5) 


In some high performance memory systems the switch- 
ing times required may be too fast to accomodate the 
addition of a damping resistor. For these systems the over- 
shoot can be limited by placing clamp diodes at the far 
end of the CHIP ENABLE line as noted in Figure 19. 
Fast recovery diodes are required to insure proper clamping 
on both the leading and trailing edges of the CLOCK pulse. 

Power Considerations — Circuit: performance and long- 
term circuit reliability are affected by die temperature. 
Normally, both are improved by keeping the integrated 
circuit junction temperatures low. Electrical power dissi- 
pated in the integrated circuit is the source of heat. This 
heat source increases the temperature of the die relative 
to some reference ‘point, normally the ambient tem- 
perature. The temperature increase depends on the amount 
of power dissipated in the circuit and on the thermal 
resistance between the heat source and the reference point. 
The basic formula for converting power dissipation into 
junction temperature is: 


TJ=TAtPp iRaic: + Reca) (6) © 
or 


TS=TAt+PD (Rasa) (7) 
where 


Ty = junction temperature 
Ta = ambient temperature 
Pp = ‘power dissipation | 
’ RgJjc = thermal resistance, junction to case 
R@CA = thermal resistance, case to ambient 


R@JA = thermal resistance, junction to ambient 
' The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of 
operation, capacitive loading, output voltage swing, and 


"duty cycle. The power dissipation as ‘a function of 


capacitive loading and frequency can be obtained from 
Figure 13. The value found in Figure 13 should not yield 
a junction temperature, Ty, greater than Ty (max) at the 


- maximum encountered ambient temperature. Ty (max) is 


specified for the integrated circuit packages. in the, maxi- 


_ mum ratings section of this ast sheet. 
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FIGURE 18 — SIMPLIFIED OUTPUT CONFIGURATION 


Vop2 Vop1 =Voo1 


THE MC3466 IN HIGH PERFORMANCE 
‘7001 SYSTEMS 


The MC3466 is specified to meet the more stringent 
driving requirements of high speed N-channel memories 
such as the MCM7001A. Figures 20 and 21 show photo- 
graphs of oscilloscope waveforms for the MC3466 driving 
up to six MCM7001A memories. The memories were oper- 
ated with a +15 Volt supply and the MC3466 used a +17 
Volt supply tied to Vpp1 and Vpp2. Two clamp diodes 
were used at the end of the line to clamp the overshoot as 
noted previously-in Figure 19. ; 

With this driver connection, where the Vpp 7 supply is 
at a higher voltage than the memory Vpp supply, the 
VppbD1 and Vpp supplies should track each other within 
the following range 3.0 V 2 Vpp1 -Vpp = 1.5 V to 
insure the minimum output Voy level and to limit the 
amount of current the clamp diode has to sink during the 
clock high state period. 

For the MC3466 driving two MCM7001A memories, 
Figure 20 shows the driver supplying about 250 mA peak 
current when the CHIP SELECT voltage switches from a 
“low” to “high”, with a transition time of 15 ns (1.5 V to 
13.5 V level). and a high to low transition time of only 
8 ns. When driving four MCM7001A memories, the peak 
current: reaches about 400 mA with a CHIP SELECT 
rise time of 22 ns. ; 

‘Figure 21 shows that for a fanout of 6 memories, the 
transition time increases to 28 ns: The MC3461 (dual 
NMOS memory sense amplifier) is used to detect the data 


FIGURE 19 — APPLICATION OF CLAMPING DIODES 
TO LIMIT OVERSHOOT 


Memory Array Vop 


1N914 or 
Equivalent 


1N914 or 
Equivalent 


of the output memory and translate to MECL 10,000 
levels. The use of the MC10125 will translate the MECL 
levels to TTL levels in only 5 ns. The total delay from the 
50% level of the falling clock edge at ’the MC3466 input to 
the 50% point at the data output of the MC10125 is only 
62 ns when driving two memories and 67 ns for four 
memories. . ; ; 

Figure 22 shows the logic diagram for building a 32K x 1 
memory board with TTL interface and MCM7001A mem- 
ories using a multiplex approach. Addresses AO to AQ 
and the Dyjy signals go to all the memory devices. The 
address bits A10 and A11 are used to select 1 of 4 rows 


’ (WRITE ENABLE lines) when writing into the memory. 


The addresses, A12, A13, and A14 are decoded using the 
MC3466 to drive the CHIP SELECT fines. Only two 
MC3466’s are required. Each driver in the MC3466 drives 
the CHIP SELECT line connected to four memories.: 
During a read operation, the data from 4 of the 32 mem- 
ories are latched into the-MC3461. Addresses A10 and 
A11 are used to select which one of the four memories is 
to be read on the DATA OUT line. This configuration is 
especially useful in interweaving of fast, large memory 
systems so that the data can be read out consecutively in - 
one CPU cycle time. , 
A 4K x 18 memory board is shown in Figure 23 with 
TTL interface using a more straightforward approach. 
Only six MC3466’s are required to drive the CHIP SELECT 
lines. The memory can be expanded. to 256K words by 
using two 1-of-8 decoders on the control board and con- 
necting the outputs to the proper BOARD ENABLE. 
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FIGURE 20 — CURRENT AND VOLTAGE CHARACTERISTICS 
FOR THE MC3460 DRIVER DRIVING 2 AND 4 
MCM7001A MEMORIES 


ENABLE 1 Input to MC3466 (5 V/Div) ggeaeemmenenesess 


CHIP SELECT voltage with a loading of 
2,and 4. MCM7001A memories driven 
by an MC3466 driver. (10 V/Div.) 


DATA OUT of the MC10125 (5 V/Div) 


CHIP SELECT current out of the MC3466 driver 


co paisa : 
(500 mA/Div.) ‘ : 


(20 ns/Div.) 


FIGURE 21 — RISE TIME AND ACCESS TIME VARIATIONS 
FOR AN MC3466 DRIVER DRIVING 1,2,4, AND 6 
MCM7001A MEMORIES 


ENABLE 1 INPUT to MC3466 (5 V/Div) 


CHIP SELECT voltage with a loading of 
1,2,4 and 6, MCM7001A memories driven 
by an MC3466 driver (5 V/Div.) 


DATA OUT of the MC3461 (1 V/Div) 


DATA OUT of the MC10125 (2 V/Div) 


(10 ns/Div) 
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FIGURE 22 — 32K x 1 MEMORY BOARD 
(TTL INTERFACE) 


of : 1/2 MC4007 1/6 MC7404, 
6 places 


MCM7001A, 
1/2 MC4007 32 places 1/2 MC3461, 


4 places 


ADDRESS 
Alt 


ADDRESS 
A10 


WRITE 
ENABLE 


CJ Li Ld Sgeegea 
CHIP 
SELECT 
MC3466 
a places Out Out Out Out Out OutOut Out 
Cc 


Bl 

GRE El as 
I an 

A D 


ET A 8B cD 8 
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cD A c.D 
Ro co LATCH 
+ ENABLE 
At Q0 O71 a2 03 Q4 a5 a6 a7 1/4 MC10124 
7 MC4006 
A 
2 A B Cc 
BAY: 
A3 on 
ENABLE 
_ A112 Ai3 A1l4 
Ka 
Connect to 7 
Alt *Note: Unused Inputs Should Be Tied To +5 V. 
‘7001A's 


a 


| 


> 
tee) 


Roccceeccccae: 


Data In 


1/4 MC3459% 15 places 
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_ FIGURE 23 — 4K x,18 MEMORY BOARD (TTL INTERFACE) 
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ORDERING INFORMATION 


Device . Temperature Range Package 
MC3461L 0°C to +75°C Ceramic DIP 


HIGH-SPEED NMOS/MECL SENSE AMPLIFIER 


The MC3461 is a dual current sense amplifier with MECL 10,000 

compatible control inputs and open emitter complementary outputs. 
The device is designed for use with Motorola MCM7001 or Intel 
2105 NMOS 1K RAMs. A common latch input retains information 
in the amplifier at the time of latch closure. Separate channel out- 
put enables are provided to force the outputs to predetermined 
. states unti! amplifier information exchange is desired. 
*. When the latch input goes to a logic “‘O”’ the outputs are flocked 
in their present state unless the output enable is at, goes to, logic 
“4"") In this event, the Output 1 and Output 2 remain at, Or go to, 
logic “0” and logic “1” paeectiely: 


° Complete NMOS Sense Amalifier — No External Components 
Required 
@ Minimum Propagation Delay — 
Amplifier Response - 5.0 ns Typ 
Enable Response - 2.5 ns Typ 
Latch Response - 1.0 ns Typ 
_®@ Power Supplies Compatible With MCM7001/MECL10,000 Systems 
@ Amplifier Input Termination Voltage Range from-Gnd to VREF 
Supply on MCM7001 


APPLICATION WITH MCM7001 MEMORY 


O VREeF = 7.5 Vde 


Output ; 
Output 2A 


MCM7001 Enable 
or equiv. Input 
2A 
Data 


Data 


Output 
1A 


MC3461 


DUAL NMOS MEMORY 
‘SENSE AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


PIN CONNECTIONS 


Output ~1 Reference 
Gnd. Gnd. 


Output utput 
28 

Output 
1B 


Outputs B 
Enable 


t TRUTH TABLE 
for latch input at logic 1 


Te ee 

Enable 4 

a) > -~ we | o | o | 

(2) = -j] 1 fo 

14) = oa ee oe 
pt fo Ff 


(2) > 200 MA 


Negative Currents Defined as Flowing into - 
Device Pin. 


881L-S 


Power Supply Drain Current 
EE 


MAXIMUM RATINGS (Unless otherwise noted, Ta = = 


Rating ca ae 


Power Supply Voltages 8.5 
-6.0 


Termination fTermination Voltage 


AEE ee ae Ambient Temperature Range 


Package Power Dissipation 
Still Air 
Derate above 25°C 
Transverse Air flow > 500 linear fom 


ELECTRICAL CHARACTERISTICS Derate above 26°C 


This device has been designed to:meet the 
de specifications shown in the test table, 
after thermal equilibrium has been esta- 
blished. The circuit is in a test socket or 
mounted ona printed circuit board and 
transverse air flow greater than 500 linear 
fpm is maintained. Outputs are termin- 
ated through a 50-ohm resistor to -2.0 


volts.: Test procedures are shown.for only @ Test 

one sense amplifier. The other half. is . Temperature 

tested in the:same manner. | PSuocap asso | tr [ee [es TY 
25° 


75°C 


T1105 | 
[e200wa] 0720 | 1830 [ 1045 [1405-78 | 52 | 


TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 


| Max | unit | teense _| Vimar [Vinin| Vinamin|ViLames| Voc | v 
mAdc 6.12 
mAdc 6,12 , 
“Adc 
ce uAdc 
-0.810 | -0.900 | -0. is 
-1 ia fe -1.620 
real y eae FE 
-1.630 -1.600 
| af 
ot 


TEST VOLTAGE/CURRENT VALUES 
(Voits) 
ViHAmin ViLamax aed 
Pin MC3461 Test Limits 
ae “Under a 75°C 
Symbol 


m 
m 


Characteristic 


© oO 
ay 
oo 
rl: 
ad 


o 


Oo 


tnput Current 


Logic “1” Output Voltage 


= 
—~ 
«a. 
ro.) 


< 
Q 
ro) 


+ 


—) 


-1.010 
Vou 


bt HSER ah 


Logic ‘0’ Output Voltage 


coy 


‘Logic “'1"" Threshotd Voltage 


«ao 


WN Ww 


Logic “O" Threshold Voltage 


NN & 


Switching Times (50-ohm load) 
Propagation Delay: 


Amplifier 1 


< a 
° 


2. 


ak 


Enable 


pee 


"Negative currents are defined as currents leaving the device. 


LOVEOW 


MC3461 


FIGURE 1 — SWITCHING RESPONSE TEST CIRCUIT AND WAVEFORMS @ 25°C 
(Other Section Tested Similarly) 


Voc = +7.5 Vde 


Enable Input 


Enable Input 4o0r 13 
Test Point C= _0 | 
Sor 11| 
50 a 
S} | aooua 6 or 12| 
Veco 


Amplifier Input O (CG 
Amplifier Input 6 
Bsehiyee SaaS 
50 


Each Transistor 
MMT3960A — 


0.1 UF 
jt 


Veg = -8.2 Vde 


O Output 2A 
50 
25 “e (i 0.1 WF 
O Output 1A 


Unused outputs connected 
thru a 50-ohm resistor to 
-2.0 Vdc 


*Denotes equal lengths of 50-ohm coaxial cable. Wire length should be < 1/4” from test point to pin or BNC connector. 


Amplifier Response Waveforms 


+0. 
Amplifier input rte 


Test Point 0.5 V 
ty & te = 2.0ns + 0.2 us 
Measured 20% to 80% 
++ 
Output 1A 
- Output 2A 


Enable input held at -1.69 Vdc 
for Amplifier Respanse Tests. 


_ Enable input 


Enable Response Waveforms 


-0.89 V 


Test Point -1.69 V 
ty & te = 2.0ns + 0.2 us 


Measured 20% to 80% 


Output 2A 


Output 1A 


Amplifier input held at. +0.5 Vdc 
for Enable Response Tests. 
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FIGURE 2 — 32K x 2 MEMORY BOARD (MECL SYSTEM) 


Data Valid 
; 1/2°MC10171 


1/2MC10171 


Address A10| 
Address A11 
Write Enable 
1/2 MC75358 or 
1/3 MC10177, 
MCM7001, eam : 
64 places DOout 
1/2 MC75358 
16 places 
. Data 
Output 
Bay Enable , 
Chip Select 
Address A12 
Address A13 
Address A14 
i : 
=g=al =f= a 
om oe ES ee ES ES 
Fl Es anus Da 
out 
Renee = p> 
Py] ey 
as 
MCM7001, 
32 places _ 
i= 0-0-0=0-0-0-0—-— i | 
; : ri r- aia w/2 MC3461 
if. ote ) > 8 places 
Latch Enable i : , 
Connect to all MCM7001's Connect to Connect to 
_ - Top Array (32K x 1) | Bottom Array (32K x 1) 
1/2 MC78358 
. or ‘ 
- 1/3 MC10177, ~" Data Inputs 
. 12 Places : ; = : 
AO Al A2 -A3 Ad AB AGB AT AB AD. 


D0, - Olin 
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FIGURE 3 — 4K x 18 MEMORY BOARD (MECL SYSTEM) 
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=~ 1 
ee 
a ee ae 
Sa 
Roe at HT aia ee 


a 
cere Come (later a i 
sail 
os ial AAA AA AA AA AA AAA ~ 


WE1 (to top 36 devices) 


MCM7001, 72 Places 


1/2 MC3461, 18 Places 


WE2 (to Bottom 36 devices) 


MC3461 


\ 
REPRESENTATIVE CIRCUIT SCHEMATIC 


. Simplified MC3461 
Amplifier Input - (1/2 Shown) 


: | : 
Termination ay z OYCC 
R1 1 > : 
200 200 R6 R7 Lt 1 . 
R11 R12 Output 
. E ae 
18 
D4 D6 
O 'e 01 | 
= a 
Q12 14 O 
Hass 


O 
1 
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ed D2 
Inputs ; ag 
: aaa 
Outputs 
: oa 
| PM 
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Enable 
Internal 
Latch 0 Wee 
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» 
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ne R14 
| aye S ah 
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VEEO 
\ 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC3467L 0°C to +70°C Ceramic DIP 
MC3467P 0°C to +70°C Plastic DIP 


TRIPLE WIDEBAND PREAMPLIFIER 
WITH ELECTRONIC GAIN CONTROL (EGC) 


The MC3467 provides three independent preamplifiers with in- 
dividual electronic gain control in a single 18-pin package. Each pre- 
amplifier has differential inputs and outputs allowing operation in 
completely balanced systems. The device is optimized for use in 9- 
track magnetic tape memory systems where low noise and low dis- 
tortion are paramount objectives. 

The electronic gain contro! allows each amplifier’s gain to be set 
anywhere from essentially zero to a maximum of approximately 
100 V/V. 

The .MC3467 is intended to mate with the MC3468 read empl 
to provide the entire magnetic tape read function. 


@ Wide Bandwidth — 15 MHz (Typ) 
@ Individual Electronic Gain Control 
®@ Differential Input/Output 


TYPICAL APPLICATION 
HIGH PERFORMANCE 9-TRACK OPEN REEL 
TAPE SYSTEM 


NRZI/d 
Vi(EGC) Select 


Active 
Differentiator 


1/3 MC3467 ae NRZI P| Reg” 
Preamplifier Filters eel 


poy 
Encode 


Filters 


LSi 
; . Formatter 
See C3468 Data Sheet For : MC8500 
Systems Applications Information Mcs501 
: MC8502 
MC8520 
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TRIPLE MAGNETIC TAPE 
MEMORY PREAMPLIFIER 


, 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX L. SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 726 


MC3467 


Positive Supply Voltage 
Negative Supply Voltage 


Vi(EGC) —5.0 to Voc 
Vio 


| Vic 
Amplifier Output Short Circuit - 
Duration (to Ground) . 


—65 to +150 


Vv 
Vv 
Vv 
OG 
°c 
°C 


Power Supply Voltage Range 
Positive Supply Voltage 
Negative Supply Voltage 
Operating EGC Voltage 


<<< : 


Differential Voltage Gain (Balanced) 
(Vi(EGC) = 0, e) = 25 mVp-p) (See Figure 1) 
Differentiat Voltage Gain . 
(Vi(EGC) = Vcc) 
Maximum Input Differential Voltage 
(Balanced) (T a = 25°C) 


Output Voltage Swing (Balanced) (Figure 1) 
(ej = 200 mVp-p) - 


Input Common-Mode Range : 
Differential Output Offset Voltage : 
(Ta = 25°C) 
Common-Mode Output Offset Voltage 
(Ta = 25°C) 
Common Mode Rejection Ratio (Figure 2) 
Vi(eGc) = 9, Vem = 1.0 Vpp 
(f = 100 kHz) 
(f = 1.0 MHz) 


Small-Signal Bandwidth (Figure 1) 
(—3.0 dB, ej = 1.0 mVp-p, Ta = 25°C) 


Input Bias Current : 
Output Sink Current (Figure 5) 


Differential Noise Voltage Referred to Input (Figure 3) 
(Vi(EGC)-= 0, Rs = 50 82, BW = 10 Hz to 1.0 MHz, Ta = 25°C) 


Positive Power Supply Current (Figure 4) fe 
Negative Power Supply Current (Figure 4) , 
Input Resistance (Tp = 25°C) : 


Input Capacitance (Ta = 25°C) 


Output Resistance (Unbalanced) 
(Ta = 25°C) 


1 
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FIGURE 1 — DIFFERENTIAL VOLTAGE GAIN, . FIGURE 2 — COMMON-MODE REJECTION RATIO 
BANDWIDTH AND OUTPUT VOLTAGE SWING ‘ {Channel A under test, other amplifiers tested similarly) 
TEST CIRCUIT : 
(Channel A under test, other channels tested similarly) . 
5.0V 5.0 V 


Voo 
MRR = 201 
< ORs Ay V| 


1 
© 
2 
ERS 
ea 
cee MC3467 
Cre 
O) 
ee 


MC3467 
Vop 
= ! eee 
20 log 100 V, 
7 6.0 V . -6.0 V 
‘ - FIGURE 3 — DIFFERENTIAL NOISE VOLTAGE : , 
REFERRED TO THE INPUT FIGURE 4 — POWER SUPPLY CURRENT TEST CIRCUIT 
Vee 
5.0V 
'oc 
Krohn ‘ 
o O 
Hite eae 
3202 
Fier a 
. MC3467 
ca 
Low Pass e 
Filter With 
. = BW = 1.0 MHz lEE 
Assume Uncorreiated Noise Sources - -6.0V 
e, (Differential Noise at Input) '= eg V 2/100 VEE 


a FIGURE 6 — TOTAL HARMONIC DISTORTION 
FIGURE 5 — OUTPUT SINK CURRENT TEST CIRCUIT ys TEST CIRCUIT 
(Channel A under test, other channels tested similarly) (Channel A under test, other channels tested similarty) 
: ~ —4+5.0V +2.0V 


5.0 V 


hp 334A 
Distortion 
Analyzer 


MC3467 Meeoee 


f = 100 kHz 
-6.0V i j ' -6.0V 
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THD, TOTAL HARMONIC DISTORTION (%} 


Ay (norm), VOLTAGE GAIN NORMALIZED (dB) 


leg, NEGATIVE POWER SUPPLY CURRENT 
(NORMALIZED) 


TYPICAL CHARACTERISTICS | 
(Vcc * 5.0 V, Veg = -6.0 V, Ta = 25° unless otherwise noted) 


FIGURE 7 — TOTAL HARMONIC DISTORTION (THD) FIGURE 8 — NORMALIZED VOLTAGE GAIN 
versus INPUT VOLTAGE : ; versus FREQUENCY ‘ 


MT 
Hii | 


VI(EGC) = 1.8 V 
fj, = 100 kHz 


| 
Ay (f) 
Ay (norm) = 20 log (0 KH 


Ay (norm), VOLTAGE GAINNORMALIZED (dB) 


Vj, INPUT VOLTAGE (mVp.p) . f, FREQUENCY (MHz) 


FIGURE 9 — NORMALIZED VOLTAGE GAIN 
versus AMBIENT TEMPERATURE 


FIGURE 10 — NORMALIZED POSITIVE POWER SUPPLY 
CURRENT versus POSITIVE POWER SUPPLY VOLTAGE © 


Vee =-6.0V 
Vi = 10 mV RMS 
f) = 100 kHz 


TEST CIRCUIT = FIGURE 4 


Icc, POSITIVE POWER SUPPLY CURRENT 
(NORMALIZED) 


“47s 48 485 49 «495 «6.0 6.05 51 5.15 5.2 5.25 
Ta, AMBIENT TEMPERATURE (°C) Voc, POSITIVE POWER SUPPLY VOLTAGE (Vdc) 


XN 


FIGURE 11 — NORMALIZED NEGATIVE POWER SUPPLY FIGURE 12 — NORMALIZED POWER SUPPLY CURRENTS 


CURRENT versus NEGATIVE POWER SUPPLY. VOLTAGE versus AMBIENT TEMPERATURE 


1.02 


ae. 
= 


a 
N 
. 2 Vec =5.0V 
F = 1.8 Vee =-6.0V 

oo. 3 ae cM) _ tee (7) 
ee = Ic (25°C) “leg (25°C) 

= - TEE MT? ] 1 7 
** jee (25°C) 0.99 SEE FIGURE 4 


icc/lEE, POWER SUPPLY CURRENTS 


FOR TEST CIRCUIT 


-5.0 6.5 -6.5 -6.5 -7.0 75 0 10 20 30 40 50 60 70 80 
VEE, NEGATIVE POWER SUPPLY VOLTAGE (Vdc) oF Ta, AMBIENT TEMPERATURE (°C) 
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Avo, TYPICAL DIFFERENTIAL VOLTAGE 


¢, PHASE SHIFT (DEGREES) 


FIGURE 13 — DIFFERENTIAL VOLTAGE GAIN versus 
ELECTRONIC GAIN CONTROL VOLTAGE (Vj(EGc)) 


GAIN (V/V) 


CMRR, COMMON MODE REJECTION RATIO (dB) 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Vi(EGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS) 


FIGURE 15 — PHASE SHIFT versus FREQUENCY 


1.0 
f, FREQUENCY (MHz) 


(EGC), EGC INPUT CURRENT (mA) 


FIGURE 14 — COMMON-MODE REJECTION RATIO 


(CMRR) versus FREQUENCY 
-100 


Veg =5.0V Vo 
VEE =-6.0V Av VICM 
Ta = 25°C Ay = 100 V/V = 40 dB 


CMRR = 20 fog 


VICM = 1.0 Vp-p TEST CIRCUIT = FIGURE 2 


0.1 1.0 10 
f, FREQUENCY (MHz) 


s eC EY 
TT NEE TU 
“Con th 


FIGURE 16 — TYPICAL EGC INPUT CURRENT versus 
EGC INPUT VOLTAGE 


VEE=-6.0V 
Tp = 25°C 


0 1.0 2.0 3.0 
Vi(EGC), EGC INPUT VOLTAGE (Vdc) 


REPRESENTATIVE CIRCUIT SCHEMATIC 


1/3 MC3467 


el | || ait 


D3 
D5 


Ge oe LS ad 
= 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC3468L 0°C to +70°C Ceramic DIP 
MC3468P o°c to +70°C Plastic DIP 


MC3468 


Specifications and Applications 
Information 


MAGNETIC TAPE. 
MEMORY READ AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


LSI MAGNETIC MEMORY READ SUBSYSTEM 


L SUFFIX 
CERAMIC PACKAGE 
CASE 726 
The MC3468 READ Subsystem when used with the MC3467 

triple preamplifier provides the interface between magnetic, tape 
heads and digital logic. This system is well suited for open-reel and : 
cartridge magnetic tape systems. The MC3468 performs peak detec- pi: Pen ae ae 
tion, and threshold detection functions as required for NRZI, Phase- CASE 701-01 
, Encoded or Group-Encoded recording formats. The device consists 

of: 1) Input Multiplex function, 2) Gain Stage with Electronic Gain 
Controi (EGC), 3) Active Differentiation Amplifier, 4) Zero Crossing 
‘Detector (ZCD), 5) Threshold Detector Amplifier with Multiplexed 
Inputs and 6) Threshold Detector. 


: Channet Select 
£ : (Aor BE} 3] Voc 
Threshold Amp- Threshold Detec- 
lifier Input A 7] 

- : x Threshold Amplifier tor Output 

@ Complete READ Function in One LS! Device ; inverting Sev’ 
! ar [4] 

®@ Two Pair of Differential Inputs Allow Logically Controlled Selec- Amplifier: napus 
tion of Input Filter or Tape Head Configuration 


: Differentiation 
1 
@ Low Recovered Error Rate nputs:A Components 


@ Input/Outputs are Low Power Schottky TTL Compatible Meaie youll ae 


MC3468 TYPICAL APPLICATION AND WAVEFORMS 


Channel A Input 
0.5 Vp-p; 160 kHz 


Zero Crossing 
Channel A Detector Output 
Tape Head Input. - 
Z2CD 


MC3468 


To 

Preamplifier . - ZCD Output, Pin 15 
: Mins, Threshold Detector = - 

Output 

4 


TD Output, Pin 17 


MC3468 


} 


Common Mode Input 
Voltage : 

Threshold Amplifier 

Gain Amplifier 


Amplifier Output Short 
Circuit Duration (To 


Temperature Range , 
[dunetion Temperature [Ty | 180 | °C. 


Power Supply Voltages 
Positive Supply Voltage 
Negative Supply Voltage 
Pin Voltages 
EGC Voltage (Pin 5) Vi(EGC) —5.0 to +7.0 
Threshold Voltage. Vict) +1.0 to -3.5 


(Pin 16) : 

ZCD Output (Pin 15) Vo(zcb) +7.0 

Channel Select A/B Vtlcs) +7.0 to —2.0 
Input (Pin 1) : 

Threshold Output TD Vo(TD) 
(Pin 17) 

Differential Input Voltage 
Threshold Amplifier 
Gain Amplifier 


- ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = —6.0 V, Ta = 0 to +70°C unless otherwise noted) 


TOTAL DEVICE : - 


Power Supply Voltage Range @ Ta = 25°C 
Positive Supply Voltage 
Negative Supply Voltage 
Positive Supply Current 
, Negative Supply Current ¢ 


Channel Select Input Voltage — Low Logic State 


Channel Select Input Voltage — High Logic State 
_ Channel Select Input Current — Low Logic State 
(Vit(cs) = 9, Voc = 5.25 V) 
Channel Select Input Current — High Logic State 
(Vinics) = Vcc = 5.25 V) 
GAIN AMPLIFIER SECTION 


Voltage Gain (Unbalanced) _ 
(9; = 10 mV p.p) 
Voltage Gain (Unbalanced) 
(Vi(EGC) = Voc. @ = 800 MVp.p) 


Operating EGC Voltage Range — 


Maximum Differential Input Voltage 
(Ta = 25°C) 
Common Mode Rejection Ratio 
(Vi (EGC) = 9, Vom = 1.0 Vpp, f = 100 kHz, 
Ta = 25°C). 
Bandwidth 
(-3.0dB,Ta = 25°C) | 


Input Resistance 


Channel Isolation - 
~ (f = 100 kHz) 


Input Bias Current 
Input Common Mode Voltage Range 


Output Resistance (Pin 11) 


Output Offset Voltage * 
(Ta = 25°C) ; 


z 
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ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = -6.0 V, Ta = 0 to +70°C unless otherwise noted) (Continued) 


Sa" 
ACTIVE DIFFERENTIATOR SECTION : : : 
Timing Distortion 1.0 

(l= 1.0 mA, A = 1.5 Vpp, f = 100 kHz, Ta= 25°C) 

Zero Cross Detector — High Level Output Current HA 

(Von = 5.5 V) 


Zero Cross Detector — Low Level Output 
(ligt. =8.0 mA) . 


Differentiator Output Sink Current 

(Pins 12 and 13) 
Differentiator Output Resistance (Unbalanced) 

(Tp = 25°C) 


THRESHOLD AMPLIFIER SECTION 


Differential Voltage Gain 


Maximum Differential Input Voltage Without 
Distortion (T,:= 25°C) 


AvD 
VIDRIT) 


Maximum Differential Input Voltage Before 
Timing Shift (T 4 = 25°C) 


Maximum Threshold Voltage (Linear Operation) 


Threshold Voltage Required to Disable Threshold 
Comparators (VTp > 2.5 V, Ta = 25°C) 
Bandwidth 
(—3.0 dB, Ta = 25°C) 
Input Resistance 
Threshoid Amplifier Bias Current 


Channel Isolation Ratio 

_: (f= 100 kHz) , 2 

Threshold Detector Output Voltage — Low Logic State 
(lou = 8.0 mA, Pin 17) 


Threshold Detector Output Current — High Logic State 
: (VoH = 5.5 V, Pin 17) 


DESCRIPTION OF FUNCTION 


Input Multiplex — Input multiplexing allows logic- Threshold Amplifier and Detector — The gain stage out- 
. controlled (TTL compatible) selection of either of a pair put is ac coupled of differentiated into the Threshold 
of differential .gain stages. Two separate tracks or one Amplifier multiplexer. This allows logic-controlled (TTL 
trdck processed through different filter networks for dif- compatible) selection of either of a pair of single-ended 
ferent recording formats can be selected (e.g., Phase En- to differential gain stages. Thus, the possibility of select- 
coded/NRZI, Group-Coded/PE). ing between .a differentiated or straight capacitive 


coupled signal for thresholding. The select line is the 
same as for the Gain Stage multiplexing. The unbalanced 
gain of the threshold amplifier is 5. An inverting input is 
available for balancing the input signal to minimize the 
effects of offset current. The differential outputs of the 
threshold amplifier are compared to an external thresh-. 


Gain Stage — The gain stage is controlled by Electronic 
Gain Control (EGC) and differential outputs are pro- 
vided for the active differentiator and a single output is 
available for the threshold. function. The EGC range is 
from essentially zero to 7.5 (unbalanced), 


Active Differentiation — Active differentiation requires old in the threshold comparators, An oditput signal is 
minimum external passive component count. The pro- provided whenever the signal exceeds the threshold 
cedure for selecting component values insures linear setting in the positive.or negative direction. The output 
Operation and optimum zero-crossing detector per- — . is open collector Schottky TTL. ~~ 

formance for excellent noise rejection, The versatility. of the MC3468 facilitates the design 
Zero Crossing Detector (ZCD) — The zero-crossing de- of dual mode (NRZI/PE, Group/PE) tape drives with the 
tectdr generates an output transition corresponding to ability of dynamically switch gain, active differentiator 
the peak of the incoming signal to the MC3468. Careful components, and thresholds for different recording 
attention has been paid to avoid timing distortion be- speeds or interchanged tapes. 2 


tweén the outputs of the active differentiator and the 
‘inputs of the zero crossing comparator. The output is 
open collector Schottky TTL. 
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MC3468 BLOCK SCHEMATIC 


Vi(GGC) 50 
Voc 


-_ 011 Gain State 
Output 
. Sa i om (=) 
Inputs | : | O oy, 
=e 


O 
O 13 | Differentiation 
O 12 


Inputs B - % 
P. O Components 
Vec a 
Voc 


te. : Channel 
Select 
Channel 16 O17 
Select : = Tb 
: Output 
Threshold 
Amplifier 5 4 ie 


Input A 


own 


inverting 30 
: 016 


Input 
Threshoid 4 0 
. Amplifier Threshold 
input B : Level 
Input 


QQ) 
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FIGURE 1 — VOLTAGE GAIN, 
BANDWIDTH AND OUTPUT 
VOLTAGE SWING 


5.0V 


MC3468 . 


FIGURE 3 — COMMON MODE 
-REJECTION RATIO (CMRR) 


5.0V 


| 


* @ 
_ 
fr} 


O 
MC3468 Yo 


eo eo —-6.0V 
= 20 log 5 


v & 9 ej 


CMRR = 20 log 


FIGURE 5 — OUTPUT SINK CURRENT 
AND DIFFERENTIATOR OUTPUT 
SINK CURRENT TEST CIRCUIT 


5.0V 


MC 3468 


FIGURE 2 — CHANNEL ISOLATION 
RATIO 


MC3468 ot 


CIR = 20 tog —2 Seisgete: 
= fe = fe} 
ig 955 


‘ane v Fj dad | 


FIGURE 4 — INPUT BIAS CURRENT 
TEST CIRCUIT 


FIGURE 6 — CHANNEL SELECT 
INPUT CURRENT TEST CIRCUIT 
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FIGURE 7 — POSITIVE AND FIGURE 8 — ZERO CROSS DETECTOR FIGURE 9 — ZERO CROSSING 
NEGATIVE SUPPLY CURRENT OUTPUT CURRENT HIGH LOGIC DETECTOR OUTPUT VOLTAGE 
TEST CIRCUIT _ STATE TEST CIRCUIT LOW LOGIC STATE TEST CIRCUIT 


Vec 


Vv 


EE 


FIGURE 10 — THRESHOLD DETEC- FIGURE 11 — THRESHOLD DETEC- 
TOR OUTPUT VOLTAGE — LOW TOR OUTPUT CURRENT — HIGH 
LOGIC STATE TEST CIRCUIT LOGIC STATE TEST CIRCUIT 


5.0V 5.0 V 5.5 V 


ti —t2 
Timing Distortion (t0) =—————— X 100% 
ti +.t2 


(1.5 Vpp) 


ane 1.9mA 
(1.5 Vpp) 2m 100 kHz 

3 1 

* 2m (1 MHz) 1000.pF 


= 1000 pF 


R — 40 2 =120 Ohms 
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TYPICAL PERFORMANCE CURVES 


FIGURE 13 — NEGATIVE POWER SUPPLY 
CURRENT versus NEGATIVE POWER SUPPLY 
VOLTAGE 


jeg, NEGATIVE POWER SUPPLY CURRENT (mA) 


5.5 6.0 6.5 
VEE, NEGATIVE POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 15 — ELECTRONIC GAIN CONTROL 
; INPUT CURRENT versus VOLTAGE 


oF 
= 


= 
= 


feGc), EGC INPUT CURRENT (mA) 


Vi(EGc), ELECTRONIC GAIN CONTROL INPUT VO LFABE (VOLTS) 


FIGURE 17 — PHASE versus FREQUENCY 
Gain Amplifier Inputs to Active Differentiator 
(Pins 6,.7 to 12, 13) 


4 
f, 
false 


ee 


¢, PHASE (DEGREES) 


80 
G 10 #20 30 48 50 60 70 80 90 
" f, FREQUENCY (MHz) 


FIGURE 14 — NORMALIZED VOLTAGE GAIN 
: versus EGC INPUT VOLTAGE 


FIGURE 16 — CHANNEL ISOLATION RATIO 
versus FREQUENCY 


Se | 
ee | i Hae SE BERL 

aul Jt HL] EHH 
PE OSE ee 
ESE EH 
HHS Mt ee atl 
LN 


cS 


aly LU 

_ ail Lh 

ie BE LU th UIT 
10 


f, FREQUENCY ia 


V 
aa CIR = 20 lo ay 


301 Assume Ay = 7.5 

r Vp = 0.8-Vp-p 

20+ Voe=5.0V 

| Vi(EGC} = OV 

V (Pin 1) = 2.0V 

10 Veg = -6.0V 
Ta = 25°C 

xe estat 


CIR, CHANNEL ISOLATION RATIO (dB) 


0 
100 kHz 0 MHz 10 MHz 


FIGURE 18 — GAIN AND PHASE versus 
FREQUENCY FROM Pins 6, 7 to Pins 12, 13 


*-, PHASE (DEGREES) 
B 


i 

4 

alll 

Hill Conn 

I ECU HN _ 

PLGA FETT TEN. 
100 kHz 1.0 MHz ii 


10 MHz 
f, FREQUENCY (Hz). : 
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SYSTEM PARAMETERS 


The following system parameters are characteristic of parameters are provided only as a guide to expected sys- 
not only the device but external component values and tem performance. These parameters are not readily 
circuit. layout. Detailed test circuits and measured measureable on a production volume basis. 


FIGURE 19 — TEST CIRCUIT FOR MEASURING PROPAGATION DELAYS | 


From Gain Stage Input to Zero Crossing Detector Output 


(Pin 6 to Pin 15) (Subtract 8 ns from measurement for probe and cable delays) 


TEK 475 
Scope 


X10 Probe 


Wavetek 
Model 164 
Function 
Generator 


MC3468 


Input 
Pin6 
} ' 
as tPLH(ZCD) 4 ae — Pt tPHL(Zc0) 
= = H 
Note: Symmetry is adjusted @ 50 kHz and 50 mVpp zcD 4 1.5V zs 1.5V 
Pin 15 


Typical Measured Values: tp_H(zCp) = 40 ns 
tPHL(ZCD) = 50 ns 


FIGURE 20 — TEST SETUP FOR MEASURING PHASE JITTER 


Note: Use of a series inductor in the differentiator network 
significantly improved phase jitter performance, 


2-10 uF 
Capacitances are solid Tantalums 


TEK 475 
Scope 


T\S 800 kHz 


X10 Probe 
Wavetek 
Model 164 
Function 
Generator 


MC3468 


ere ZCD Output boot 
Pin 15 15V 
' 


Typical Measured V atues: ; 
0.5 Vp-p @ Pins 12, 13 = 0.5% ~~ it ope 
25 mVp-p @ Pins 12, 13 = 6.0% 


t 
% Phase Jitter pe 100% 


Note: The jitter window, t, is defined as the 
3 6 points on a Gussion curve. 
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FIGURE 21 — TEST SETUP FOR THRESHOLD AMPLIFIER DELAY AND 
THRESHOLD COMPARATOR EQUIVALENT OFFSET MEASUREMENTS 


X10 Probe 6 Feet 


TEK 475 
Scope 


Wavetek 
Model 164 
Function 
Generator 


X10 Probe 


Typical Measured Values: tpLH(7D) = 43 ns 


tPHL(TD) = 43 ns 
Vio(FD) = 38 mV 


' 
eee —100 mV 
tPHL(TD) 4 be mt bem tPLH(TD) f 4 
4 j ' 
| q ToD a t TD 
Threshold : 1 PLH(TD) >t he = PHL(TD) 
I 


i 
Detector ' ! ! 
Output 1.5V 1.5V 
Pin 17 f 


Note: For Delay measurements, V is fixed at ~250 mV; 
for equivalent comparator offset voltage measurements, 
V is adjusted until Pin 17 goes low. The voltage, V, is 
the equivalent offset, Vio(TD). ' 


Note: Some compensation is possible using a resistor 
from Pin 3 to ground. 


FIGURE 22 — TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (1 MHz to 10 MHz) 
FROM INPUT TO DIFFERENTIATOR (Pin 6, 7 to Pin 12, 13) 


Actual Test Measurements (Calibrate Instrumentation for Phase Compensation) 


A 


' HP8405A 
Vector 
Voltmeter 


Solid 
Tantalums 
2—10 uF 
“510 


+ 
TEK P6046 
Differentiator 
wWrobe and 
Amplifier 


Wavetek 
Model 164 
Function 
Generator 


{See Figure 17 for plot of data) 


MC3468 
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FIGURE 23 — TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (5 kHz to 1 MHz) 
FROM INPUT TO DIFFERENTIATOR (Pin 6, 7 to Pin 12, 13) 


Actua! Test Measurements (Calibrate Instrumentation for Phase Compensation) 


\ 


Solid 
Tantalums 
2—10 uF 


Wavetek 
Model 164 
Function 
Generator 


MC3468 


+ 


Differentiator 


HP3575A 
Gain Phase 
Meter . 


TEK P6046 


Probe and 
Amplifier 


50 


(See Figure 18 for plot of data) 


DESIGN SUGGESTIONS 


\ Gain Stage Bias Current — 


One must consider supplying 15 wA of bias cur- 
rent to the Gain Stage when designing a filter net- 
work, A good design value for the equivalent 
resistance from each input leg to groundis 5 kQ2. 


Adjusting Peak Shift to Zero (See Figure 24) 


The worst peak shift observed on the ZCD output 
occurs for the smallest slew rate provided by the 
Active Differentiator at the ZCD inputs. In Turn, 
the Active Differentiator produces the smallest 
slew rate when the gain-bandwidth product ap- 
plied at its inputs is the smallest. Current source, 
resistors, and -diode imbalances will exhibit the 
maximum peak shift under this condition. Using 
the resistor network shown, these imbalances are 
adjusted out for the worst case condition. 


FIGURE 24 — PEAK SHIFT NETWORK 


Pin 12 


Pin 13 


Note: The 100 k2 resistors should be close to the IC to suppress noise. 


. 
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MC3468 APPLICATIONS INFORMATION 


MC3468 For NRZI Encoded Magnetic Tape 


NRZI Encoding was one of the first popular record- 
ing formats and is formalized as an American. National 
Standard for the purpose of facilitating the interchange 
of magnetic tapes. Although the Phase-Encoded format 
is now more widely accepted than NRZI, vast libraries of 
NRZI tapes still exist. Computers will be reading these 
tapes for years to come, and in some cases, re-writing 
them in phase-encoded format. Thus,:the ability of the 
tape drive electronics to read both NRZI and PE tapes is 
a feature often sought in new designs. . 

For NRZI! recording, the magnetic surface of the tape 
is magnetized to saturation in one direction or the other 
each time a logical ‘’1” is to be recorded. The magneti- 
zation remains Tekin for a logical ‘0’. The result- 
ing signal from the read head for a typical NRZ! data 
stream is shown in Figure 25. The NRZI data stream con- 
sists of a continuum of Fourier components up to a maxi- 
“mum frequency of 5f, where fy is numerically equal to 
one-half the maximum flux changes per second (FCPS). 
For long strings of zeroes, the lowest Fourier component 
could theoretically be near dc, but ona typical tape a 
long interval with no “1's” is not allowed. Consequently, 
most of the energy in the pulse train is around fy and 
its harmonics (up to the fifth). A suitable corner fre- 
quency: for ac coupling from the preamplifier is 60 Hz, 
although for high speed systems it could be consider- 
ably higher (1/10 fH). The -3 dB frequency of a low 
pass filter is usually placed at a frequency greater than 
fy. In most systems, this low pass filter must do more 
than provide a roll-off for high-frequency transients. It 
also equalizes the read amplifier chain and differentia- 
tion network for linear phase versus frequency response. 
Once the transfer function: of this equalization filter is 
known, it may be incorporated either as part of the ac 
coupling between the preamplifier and amplifier or as 
part of the differentiation network. 

The American National Standard specifies that NRZI 
be recorded at 800 BP! (Bits Per Inch) on open reel mag- 
netic tape. Typical read/write tape speeds range from 
12.5 to 300 IPS (Inches Per Second). Baap 1 and 4 
show MC3468 NRZ1 designs. 


MC3468 For Phase-Encoded (PE) Magnetic Tape 


Of the numerous methods for encoding digital data 
on magnetic ’ tape, phase encoding is currently most 
popular. As shown in Figure 25, data is represented by 
transitions occurring in the middle of a “data cell’. A 
low-to-high flux. transition (toward the magnetization 
level’ representing erased tape) is defined as a logical 
“one’’ and a high-to-low transition is defined as a logical 
"zero", For consecutive “one’s” or “zero’s” phase 
trarisitions are introduced as needed at the “data cell” 
borders. Phase transitions are not required when the en- 
coded data consists of ‘‘one-zero” patterns. 

The read head - signal resulting from. mixed data 
streams consists of two fundamental frequencies, fy and 
f__ which represent most of the harmonic content (with 


‘some energy at harmonics up to the fifth). These are 


FCPI 


FCPI x IPS 
5 oo 


4 


numerically equal to x IPS and. (where 


‘FCP{ is maximum flux changes per inch and iPS is tape 


FCPI x IPS 
———7 and 


speed in inches per second). In high-speed, low-level sys- 
tems, the amplitude of these read head signals is only a 
few millivolts and conditioning with a preamplifier such 
as the MC3467 followed by a passive bandpass filter is 
required, The bandpass characteristic sets the lower —3 
dB frequency below f,: and the upper —3 dB frequency 
above fy. In most systems, the bandpass filter must do 
more than filter out noise. The low-pass portion also 
equalizes the read amplifier chain and differentiation 
network for a linear phase versus frequency response. 
Once the transfer function of this equalization filter is 
known, it may be incorporated as part of the filter be- 
tween the preamplifier and amplifier or as part of the 
differentiation network. 

The American National Standard specifies that PE 
data be recorded at 1600 BPI (Bits Per Inch) on open 
reel magnetic tape. Typica! read/write tape speeds range 
from 6.25 to 200 IPS (Inches Per Second). Cartridges 
use 1600 BPI and have tape spéeds of 30 'PS for read/ 
write, Examples 2, 3, and 4 show MC3468 designs for 
PE systems. 


MC3468 For Group Code Recorded (GCR) Magnetic 
Tape 


Basically, Group-Coded Recording (GCR) is a high 
density recording scheme which uses the NRZ! conven- 
tion for “1's” and “0's”, but adds the restriction that 
flux changes occur at least once in every three bit cells 
(Figure 25). The read head signal resulting from mixed 
data streams consists primarily of Fourier components 
from f_ to 3f_ = fy and their harmonics up to the fifth. 
The frequencies fi, and fy are numerically equal to 
FCPI x IPS 

2 6 ae 
maximum flux changes per inch and IPS is tape speed in 
inches per second). The amplitude of the read head sig- 
nals is only a few millivolts or less and conditioning with 
a preamplifier such as the MC3467 followed by a passive 
bandpass filter is required. The bandpass characteristic 
sets the lower —3 dB frequency below fi and the upper 
—3 dB frequency above fy. The bandpass filter must do 


, respectively (where FCPI is 


. More than filter out noise, The low pass portion equal- 


izes the read amplifier chain and differentiation network 
for linear phase versus frequency response. Once the 
transfer function of this equalization filter is known, it 
may be incorporated as part of the filter between the 
preamplifier and amplifier or as part of the differentia- 
tion network. 

The proposed American National Standard. specifies 
that GCR data be recorded at 9042 FCPI (Flux Changes 
Per Inch). Because of the data format, the usable data 
density is 6250 BPI rather than 9042 .BPI. The ‘6250 
BPI” is a throughput specification and should not be 
used in read amplifier calculations. The original GCR 
concept was intended for high speed drives (200 IPS). 
However, it is also being applied to lower speed (125 
IPS) systems. Examples 5 and 6 illustrate the use of the 
MC3468 in GCR systems. 
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FIGURE 25 — MOST POPULAR MAGNETIC TAPE RECORDING FORMATS 


Bit Stream in a Track——— 


+M 
ce] 
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oO 
PE —M 
(1,600 B/IN., 3,200 FC/IN.) an 
Oo 
GCR 


—M 
(6,250 B/IN., 9,042 FC/IN.) 


CIRCUIT OPERATION 


(See Figure 26 for component wiring and Figures 27 and 
28 for Timing Diagrams) 


The operation of the MC3468 is similar for NRZI, PE, 
and GCR data formats. The preamplifier and fittered sig- 
nal is applied differentially to either Channel A or B Gain 
Stages. The Gain Stage output differentially feeds an 
Active Differentiator and a single-ended output is avail- 
able for’straight capacitive or differentiated (active or 
passive) coupling into either Channel A or B inputs to 
the Threshold Amplifier. 

For the circuit configuration shown, the Active Dif- 
ferentiator output leads the input by almost 90°. The 
Active Differentiator output is applied to a Zero-Crossing 
* Detector, which goes low for positive levels and high for 
negative levels, changing state at the zero crossings. The 


Threshold Circuit amplifies the Gain Stage output and 
compares positive and negative signals to ‘a threshold 
level. When the level is exceeded, the TD output is low. 
From the waveforms, it is seen that the ZCD output 
makes a transition approximately in the middle of the 
period when TD is low. Wiring ZCD “‘anded” with TD to 
the set input and ZCD “anded” with TD to the “‘reset”’ 
input of the R-S type flip-flop reconstructs the data 
stream encoded-.on the tape. This circuit works for zero 
clip (zero threshold) operation, but has the disadvantage 


that timing distortion results from capacitive loading. 


Digital circuits for reconstructing the data stream which 
utilize pipe-line delays to overcome capacitive loading 
timing distortion are shown in Figure 29. 


FIGURE 26 — TYPICAL MC3468 COMPONENT HOOKUP 
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FIGURE 27 — WAVEFORMS SHOWING MC3468 OPERATION FOR NRZi DATA 
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FIGURE 28 — TIMING DIAGRAM WAVEFORMS SHOWING MC3468 OPERATION FOR.PHASE-ENCODED DATA 
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FIGURE 29.— OTHER DIGITAL CIRCUITS FOR RECONSTRUCTING DATA STREAMS FROM THE MC3468 


1) Dual Output Circuit (Pipeline Delay for Negative Edge Must Be the Same for Both Outputs)” 
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-Group Delay Distortion 


The ultimate purpose of the magnetic read amplifier 
chain in Figure 30 is to produce a digital signal with 
transitions corresponding to the peaks of a read head sig- 
nal.. Because the active-and passive elements in the chain 
exhibit phase characteristics, there will be a ‘‘pipe-line”’ 
delay between peaks at the read head and the digital out- 

_put from thé zero-crossing detector. Variations in this 
delay with frequency or amplitudes cause timing distor- 
tion which translates directly into increasing error rates. 
The primary consideration in the read chain implementa- 
tion is to equalize the read chain for almost flat delay 
over the frequencies and amplitudes of required. opera- 
tion, Figure 30 depicts one of several possible read chain 
configurations which can be equalized for best-flat time 
delay performance. 


Preamplifier 


; FIGURE 30 — GROUP DELAY DISTORTION atl > ny 


THROUGH READ CHAIN 1/3 MC3467 


High Pass Lp 
F IN Sc 2 


The determination of the component values is rela- 
tively straight forward provided the active elements have 
negligible phase characteristics in the frequency range of 
operation. Below 1 MHz, the MC3467/MC3468 read 
chain active elements have negligible phase characteris- 
tics. Although phase effects start showing above 1 MHz, 
phase versus frequency is linear (constant time delay) as 
shown in Figure 17 for the MC3468 Gain Stage. 

Other read chain configurations have a band-pass fil- 
ter between the preamplifier and Gain Stage. It is pos- 
sible to move some of the poles of the filter into the 
active differentiator. The technique suggested in Figure 
30 transfers poles into the active differentiator to min- 
imize component .count. The insertion loss of the tech- 
nique is also less than an equalization filter ahead of the 
READ amplifier. 


MC 3468/69 Peak Detector Section 


Zero-Crossing 
Detector 


Active 
Differentiator 


Tep+4Tep 
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Determining Rp, Cp, and Lb For the Active 
Differentiator 


For the equalized read chain shown in Figure 30, Cp, 
Rp and Lp are determined respectively in that order. 
The phase characteristics of the active elements are as- 
sumed to be negligible. 

An active differentiator is formed by Rp, Cp and Lp 
coupling the emitters of a differential amplifier having 


current sources IOp in each leg. If a differential voltage - 


AyEp cos wt is applied to the Active Differentiator, the 
resulting current through Rp and Cp is: 


2AyED —1/wCp 
|= —-———_——_——_ cost wt — arctan(—? —~) 


of red fet 
Rr *(oep PP)? 


[ Active 
: Differentiator 
2Ay Ep cos Wt ’ 
(From Gain 

Stage) 


Pin 12 Pin 13 


when WhLp < <Rr 


1 
wlp 


{= 2Ay Ep Cp w sin wt 


where 2AyEp is the product of the differential input to 
the Gain Stage Ep and its unbalanced gain, Ay. 

where Ry is the total of Rp and the output impedances 
of Q1 and Q2. The combined output impedances of 01 
and Q2 is 40 Ohms. 


This condition is approximated for RTCp WC = 


3wH (where wH is the maximum applied frequency of 
appreciable Fourier content). 
The peak value of | (i.e., 2Ay Ep Cp w) is important. 
As.| approaches !Q(p), the transistor Q2 turns off and the 
‘waveform at Pin 12 distorts. The circuit no longer be- 
haves as a differentiator and peak distortion results. 


For best zero crossing detector performance, it is es- 
sential that | be maximized. A design value of | which 
results in good noise performance and minimium peak 
shift is 900 microamperes. | 
| = 2Ay Ep Crp w = 900 x.10-6 
Rearranging the equation for |, 
900 x 10-6 


Cpe 2Ay Ep w 


Also, solving we = 3 


Assuming the output impedance of Q1 and Q2 com- 
bined is 40 Ohms, 


where WC = 3.WH, 


As shown in Table 1, the addition of an inductor, Lp, 
significantly improves phase linearity versus frequency 
as well as providing a roll off for high frequency noise. 
This optimum solution requires the following relation- 
ships: : 

ae eels 
RTCD Lp 


RT2Cp 


rearranging, Lp = 5 


VE or optimum zero-crossing detector performance, 
dl/dt ‘should be as large as possible at zero-crossing. 


Motorola guarantees a minimum IQ(p) of 1.0 mA. 


TABLE 1 — PHASE LINEARITY (CONSTANT TIME 
DELAY) PERFORMANCE FOR RC versus RLC ACTIVE 
DIFFERENTIATOR NETWORK 
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Threshold Considerations 


The threshold circuitry is used in read after write sys- 
tems to insure that good data was written, to set up gain 
during an 'D burst, and sometimes to indicate a mini- 
mum signal voltage for invalid data. Optimum threshold- 
ing requires a large swing at the threshold amplifier in- 
puts. A good design value for VinTa is 1.0 Vp-p, and 
should not exceed 1.4 Vp-p. If it does, a timing shift re- 
sults, Internal clipping is provided for all signals greater 
than 400 mVp-p. The distortion resulting from clipping 
has no effect on thresholding because only peaks are 
clipped. 

As shown in Figure 26, the Gain Stage output at Pin 
11 is ac coupled to the threshold amplifier so that volt- 
age offsets do not influence thresholding. An attenuator, 
R1/R2, is often required in the ac coupling networks be- 
cause the gain stage output is between 1.6 Vp-p and 2.4 
Vp-p for optimum zero-crossing-detector performance. 


VINTA : 
Vv v= 
from Re io Threshold 
Gain Stage > . Amplifier 
Pin 11 


R1 


R1 
VINTA~ HT +RZ.° 


The magnitude of R1 should be less than 5. kQ to 
minimize the effects of Threshold Amplifier Bias current 
(ITHA = 15 HA). Also, R1 + R2 must be gredter than 3 
kQ because the minimum output sink current (los) of 
the Gain Stage is 1.5 mA. A resistance equal to R1 
should be wired to ground from the — leg of the Thresh- 
old Amplifier (minimize offset bias current effects). 


Note that only the selected amplifier input contributes 
to bias current. Each output of the Threshold Amplifier 
is 5 ViNTA, and is applied to its resepctive Threshold 
comparator. Each comparator sees 2.5 VINTA. Thresh- 
olding is based on a percentage of the nominal voltage 
applied to the comparators, 2.5 VintTA. Both positive 
and negative references are.derived from VEE as follows: 


R3 
= 3 _ iy 
VA." age na VEE! 


= 2.5 VintTa x % 


Vee 


R3 should be less than 1 kQ to minimize the effects of 
Threshold Comparator Bias Current (It}ic = 50 wA).A 
0.1 uF decoupling capacitor is required for transients, 

The following circuits are useful for multi-channel 
and/or dynamic threshold switching applications. 


To 
Pin 16 
of Each 
Channel 


—VEE 


25% 
Threshold 
To 
Pin 16 
of Each 
Tivoeata Channel 


Base Line Shift in PE Systems 


In phase-encoded recording, the read signal may not 
make symmetrical transitions about the zero bias level. 
A lower amplitude signal with a low frequency compo- 
nent is often superimposed. Although a highpass filter 
attenuates. some of this component, its frequency is 
often close to the —3 dB frequency of the filter and may 
be only —6 dB down from signal amplitudes, This base- 
line shift has no adverse effects on the performance of 
the Active Differentiator. However, the Threshold De- 
tector is sensitive to the unequal signal peaks. Signal-to- 
noise ratio can be improved by performing a. passive 
differentiation into the Threshold Amplifier. With the 
corner frequency, fc, placed at fi, the f, signal is at- 
tenuated —3 dB; the fy = 2f, signal is for all practical 
purposes unattenuated. Figure 31 shows the 45° phase 
lead introduced by passive differentiation. Note that this 
technique is not directly applicable to high thresholds 
because the ZCD transitions fall outside the thresholding 
window. However, the threshold window can be delayed 
to overcome this drawback, 


V = 0,707 (2A, E,) @ f_ (+45° Phase Lead) 


= ig VINTA 


1 1 


fo = ——— => R1 
C°anRC 2n(R1+ A2)C 


Ri 
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The design of the attenuator, R1/R2, follows as de- 


scribed previously. Example 3 shows a typical applica- 


‘tion of passive differentiation to overcome base-line 
shift. 


FIGURE 31 ~ RESULTING OPERATION FOR PASSIVE 
DIFFERENTIATION INTO THRESHOLD AMPLIFIER 


Gain Stage 
Output 
for fL 


VINTA 
(+45° shift) 


Board Layout and Testing Considerations 


An LSI package has many input/output pins in close 
proximity,” some carrying high level signals and others 
low level signals. As carefully as the on-chip isolation of 
the devices connected to these pins is implemented by 
the manufacturer, the coupling of signals or noise be- 
tween external wires is under the control of the end-user 
who designs the integrated circuit into a piece of equip- 
ment. The designer should be familiar with the following 
layout procedures which will.optimize the performance 
of the device. See Figure 32. 

1. Build all circuits on printed circuit boards (including 
breadboards). Transmission line theory for flat con- 
ductors in a plane quite convincingly proves that 
coupling is far less than for round conductors in 3- 
dimensions. . 

2. Use a ground plane under the IC and over as much of 
the printed circuit board surface as. possible without 
exceeding practical limits. 


3. Avoid signal runs under the IC, also avoid parallel runs 
of 1 inch or greater on the opposite or same ; side of 
board. 

4. Use monolithic ceramic 0.1 yF capacitors for de- 
coupling power supply. transients. One from Vcc to 
ground and one from VEE to ground for each IC 
package. Keep lead lengths to % inch or less and place 
in close proximity to the IC. 


5. Keep all signal runs as short as possible. The lead on 
Pin 15 will radiate and can couple: back into the 
active differentiator. This will result in excessive 
phase jitter. The tell-tale behavior is a ringing at Pin 
11 corresponding to the transitions at Pin 15. To 
overcome this coupling problem, keep the lead on 
Pin15 short and isolated from the other Input/Output 
lines to the MC3468. Preferably, put it over or next 
to a ground plane. For long distance runs, use a 
twisted. pair or coaxial cable. 

When evaluating the device for phase jitter and fre- 
quency response, a special test jig should be designed to 
reduce ground loops and coupling caused by instrumen- 
tation. Instrumentation test set-ups must be calibrated 
at each test frequency and differential equipment util- 
ized where required. A valid evaluation of the perform- 
ance of any read, amplifier chain requires considerable 
care and thought. 


FIGURE 32 — POWER AND GROUND DISTRIBUTION FOR 
MC3468 PRINTED CIRCUIT BOARD LAYOUT 
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EXAMPLES 


Example #1 (See Figure 26 for Component Hookup) 


Tape Drive Type: Open Reel 

Encoding: NRZI 

Recording Density: 800 BPI (800 FCP) 
Tape Speed: 200 !PS 

Signal into Gain Stage - 


Epp = 0.3 to 0.6 Vp-p @ 80 kHz 
Threshold: 25% of minimum voltage peaks 


The voltage from the Gain Stage is designed for 1.6 Vp-p at 
Pin 11, 


\ 1.6 
06 


Set the EGC for a gain of 2.7, unbalanced. 


= Ay=27 


The maximum p-p voltage to the Threshold Amplifier, Vinta, 


is designed for 1 Volt. The required attenuation factor is —. le’ 


R1+R223k2 and R1 <5 k2 (See text) 


These constrairits are satisfied when R1 = 4.7 kQ and R2=3kQ. 
This is an optimum solution for a minimum coupling capacitor 
value. 


Now consider the minimum voltage applied to the Threshold 
Amplifier 


1 
VINTA(MIN) * 76 % 2.7 x 0.3 = 05 Vex “Ps 


The threshold comparator reference voltage, Vp, is set at 25% of 
2.5VINTA(MIN) 
Vp = 0.25 x 2.5 x 0.5 = 300 mV 


= ~3._R3 | 
; 300 x 10 A3+ Ra (8) 


R3 < 1k (See text): 
Let R3 = 470 2; then R4 = 10k 


The values of Rp and Cp are determined from the equations 
given in the text. : 


900 x 10-8 900 x 10-6 


CO Ay Ep Ay Epp 
: 900 x 10~6 
2.7 x 0.6 x 2m x80 x 103 
Cp = 1000 pF 


Assume f, = 3f 


4 = 1 7 
RD = Soop 0 aa x 3x 80x J02x 10-9 
Rp = 670 — 40 = 600 2 

_Rt2Cp _ (670)2 x 10-9 | 


Example #2 (See Figure 26 for Component Hookup) 


Tape Drive Type: Open Reei 

Encoding: Phase-Encoded 

Recording Density: 1600 BPI (3200 FCPI) 
Tape Speed: 200 IPS ~ 

Signa! Into Gain Stage 


Epp = 0.2 Vp-p @ 320 kHz 
0.4 Vp-p @ 160 kHz. 
Threshold: 25% of minimum voltage peaks 


The voltage from the, Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 


16 _ 
0.4 


Set the EGC for a gain of 4, unbalanced. 
The maximum p-p voltage to the Threshold Amplifier, VintaA. 


Ay =4 


is designed for 1 Volt. The required attenuation factor is Ae 
» VINTA_ RI 
Vo R1+R2 


Bie 
6 


R1+R2>3k2 and R1 <S k&Q (See text) 


These constraints are satisfied when R1 = 4.7 kQ and R2 = 3 
kQ. This is an optimum solution for a minimum coupling capaci- 
tor value. Now consider the minimum voltage applied to the 
Threshold Amplifier. 


1 
VINTA(MIN) =776 * 4 0.2 = 0.5 Vp-p 


The threshoid comparator reference voltage, VR, is set at 25% of 
2.5 VINTA(MIN) 
Vr =0.25 x25 x05 = 300 mV 


R3 
a —3 = ——— (_ 
300 x 10 Ra+ na | 6) 


R3 < 1 k& (See text) 
_Let R3 = 470 Q; then R4 = 10 kQ 


The values of Rp and. Cp are determined from me equations 
given in the text. 


Cp = 200-1078 _ 900 x 10-6 _ 900 x 10-6 
. 2Ay Epp Ay Ep 4x 0.4.x 2m x 160 x 103 
Cp = 560 pF ; . 


Assume fo = 3fy 


1 
= —4 
Rp WeCp 0 
1 
2n x 3 x 320 x 103 x5.6 x 10-10 
Rp = 295 ohms — 40 = 250 2 
R72C 2 —12 
ae T* CD _ (295)2 x 560 x 10 eat 


~Example #3 (See Figure 26 for Component Hookup) 
Same as Example #2, but consider base-line.shift. 


In addition to ac coupling between the Gain Stage and Threshold, 
a passive differentiation is performed to attenuate the lower fre- 
quencies producing base-line shift. This improves signal-to-noise 
ratio. The corner frequency is chosen at f, = 160 kHz where the 
attenuation is 0.707 (—3 dB) and the phase angle is +45°. 


1 


ee 3 
LDC (R1+R2) 160% 10 
” For C = 200 pF 
R1+R2=5k2 
1 
Now eee yg 


R1i+R2 1.6 x 0.707 
Let R1 = 4.7 k&, then R2 = a0 
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Example #4 (See Figure 33 for Component Hookup) 


Tape Drive Type: Open Reel 
Encoding: Dual Mode (Phase-Encoded/NRZ!) 


ferentiation for base-line shift or straight ac) into the Threshold 
Amplifier, and Threshold setting are similar to the previous ex- 
amples. For Group-coded data the EGC setting can be electroni- 


cally locked during the ID burst in conjunction with Threshold 


Recording Density: 1600 BPI (3200 FCPI) for PE mode and 
setting. (See Figure 34.) 


800 BP! (800 FCPI) for NRZI mode 
Tape’ Speed: 200 IPS 


Vatues for Cp and Rp 
Signal Into. Gain Stage 


; _ 900 x 10-8 
Same as Examples 1 and 2 Cp = 2Ay Ep w 
Threshold: 25% of minimum voltage peaks 
ea wis _ 900 x 10-6 _ 900 x 10-6 
NOTE: Consider base-line shift for PE mode. Ay Epp w 5.3 x 0.3 x 20 x 300 x 103 
This tape drive performs either the NRZI or the PE functions of Crp = 300 pF 
Examples #1 and #3, under control of the SEL A/B line. Using D 
the Gain Stage and Threshold Amplifier Channel A, Channel 8B Assume fc = 3fy 
inputs, the hook-up for a single track is implemented as shown 1 40 1 46 
in Figure 33. Note: that an electronic switch is required for Gain Rp = woCp = ~ On x 3x900 x 103 x 300x 10-12 


switching when the mode is changed. This particular design did 
not require the threshold voltage to be switched, although in a 
typical system it probably would be. 


Rp = 200 — 40 = 160 Ohms 


_RT2Cp _ (200)2 x 300 x 10-12 | 
It is necessary to electronically switch differentiator compo- Lp=—3* egg ge a eee 6 uH 


nents. A low impedance MOSFET switch is shown. ° 


Example #5 (See Figure 26 for Component Hookup) 


; Example #6 (See Figure 26 for Component Hookup) 
Tape Drive Type: Open Reel 


Encoding: Group Code 

Recording Density: 6250 BPI, 9042 FCPI 

Tape Speed: 200 IPS 

Signa! Into Gain Stage 
Epp = 9.1 Vp-p @ 900 kHz = fy 
Epp = 0.3 Vp-p @ 300 kHz = fL 


Considerations for setting Gain Stage EGC, coupling (passive dif- 


Same as Example #5 except 125 IPS tape speed. 
Signal Into Gain Stage 
Epp = 0.3 Vp-p @ 565 kHz 
Epp = 0.6 Vp-p @ 188 kHz 
Cp = 300 pF, Rp = 250 2 
Lp = 12.6 nH 


FIGURE 33 — MC3468 COMPONENT HOOKUP FOR DUAL MODE PE/NRZI EXAMPLE #4 
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FIGURE 34 — APPLICATIONS CIRCUITS 


Digital Attenuator for Setting MC3468 Gain Stage 
Automatically During ID Burst 
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THERMAL INFORMATION 


The maximum power consumption an integrated voltages and supply currents at the worst-case oper- 

circuit can tolerate at a given operating ambient ating condition. a 

temperature, can be found from the equation: 

T J(max) = Maximum Operating Junction 
; Ty(max) ~TA Temperature as listed in the 
PDITa) = Roja (Typ) Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature 


Where: Pp (tT a Power Dissipation allowable. at.a . ; 
given operating ambient temperature. This must be RasalTyp) = Typical Thermal Resistance 


greater than the sum of the products of the supply Junction to Ambient 
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MEMORY CONTROLLER 
CIRCUIT 


16 PIN 4K DYNAMIC MEMORY CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


\ The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin 4K dynamic 
NMOS RAM in a microprocessor system such as the MC6800. The 
controller will generate, on command from the microprocessor, the 
proper timing signals required to successfully transfer data to the 
microprocessor from the NMOS memories. The controller, in con- 
junction with a 32 kHz oscillator, will also generate the necessary 
signals required to insure that the dynamic memories are refreshed 
for the retention of data. , 


Greatly simplify the MPU — dynamic memory interface. 
Reduce package count. : 
CHIP ENABLE for expansion to larger WORD CAPACITY. 


Generate 1 of 4 RAS signals for an optimum 16K memory system. P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


' 


High input impedance for minimum loading of MPU-bus. 
Schottky TTL technology for high performance. 


Upward compatible with future 16K X 1 bit memories. 


BLOCK DIAGRAM 
Address 


vm . . 
pcaacey Row Enable 
Logic Refresh Enable 
Decode 


Signals ; i 
: ; Interfa 
ay eae Signals 


: Memory To - 
32 kHz Memory 
Refresh Gontrot : Array 
Ref Grant Logic Logic 
Ref Request s, 


St Four methods may be employed to 
MOT yzTaT3tats ~ generate the required time delay: 


1) One shots 

2) High frequency counters 

3) High frequency shift registers 
4) Delay tines 


This is advance information and specifications are subject to change without notice. 
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QUAD RS-422/423 LINE RECEIVER 


Motorola’s Quad RS-422/3 Receiver features four independent 
receiver chains which comply with E!A Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits: Receiver outputs are 74LS compatible, three-state struc- 


tures which are forced to a high impedance state when the appropri- © 


ate output control pin reaches a logic zero condition. A PNP device 
buffers each output control pin to assure minimum loading for either 
logic one or logic zero inputs. In addition, each receiver chain has 
internal hysteresis circuitry to improve noise margin and discourage 
output instability. for slowly changing input waveforms. A summary 
of MC3486 features include: 


Four Independent Receiver Chains 
Three-State Outputs 


High Impedance Output Control inputs 
(P!A Compatible) — 


Internal Hysteresis — 100 mV (Typ) 
Fast Propagation Times — 25 ns (Typ) 
TTL Compatible 

Single 5 V Supply Voltage 


RECEIVER CHAIN BLOCK DIAGRAM 


Three-State 
Differential Control 


Inputs ; input Output 
0: 


"Input 
Network 
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QUAD RS-422/3 LINE RECEIVER 
WITH THREE-STATE 
OUTPUTS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


, 


. ORDERING INFORMATION : 
DEVICE | TEMPERATURE RANGE | PACKAGE | 
MC3496L 0 to +70°C Ceramic DIP 
MC3486P 0 to +70°C Plastic DIP 


-MC3486 7 . * 


’ ABSOLUTE MAXIMUM RATINGS (Note 1) 
Rating | Symbol _| 
Power SuppivVorawe «dee | 8OYVo 
: 


Vdc 


Output Sink Current - 
Storage Temperature 


Operating Junction Temperature 
Ceramic Package 
Plastic. Package 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the devices should be oper- 
ated at these limits. The ‘’Table of Electrical Characteristics’ provides conditions for 

_actual device operation. 


-RECOMMENDED OPERATING CONDITIONS 


Symboi_| Valve [Unk] 
Voc 
TA 
Vic 
a coe 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted minirnum and maximum limits apply over recommended temperature and 
power supply voltage ranges. Typical values are for Ta = 25°C, Vcc = 5.0 V and Vic = 0 V. See 


VIDR Vdc 


Note 1.) 
Input Voltage — High Logic State ViH 2.0 ened Vv 
(Three-State Control!) 
|tnput Voltage — Low Logic State VIL eee | 
(Three-State Control!) 


Differential. Input Threshold Voltage 

(-7.0 V < Vic <.7.0 V, ViH(3c) = 2.0 V) 
(ig = 0.4 MA, VoH 2 2.7 V) 

(lg =8.0 MA, VoL 2 0.5 V) 

Input Bias Current 

(Vcc = 0 V of 5.25) (Other Inputs at 0 V) 


VTHID) 


(Vj =-10 V) 
(Vj = -3.0 V) 
(Vj = +3.0 V) 
(Vy, = +10 V) 


Input Balance 
(-7.0 V < Vic < 7.0 V, Vin(3c) = 2.0 V, 
See Note 3) 

(ig =0.4 MA, Vip = 0.4 V) 

(19 =8.0 MA, Vip = 0.4 V) 

Output Third State Leakage Current 

(Vip) = +3.0 V, ViL(3c) = 0.8 Ve VoL =0.5 V) 

(Vi(D) = ~3.0 V, ViL(3c) = 9.8 V, Vou = 2.7 V) 

Output Short-Circuit Current 

(V(p) = 3.0 V, Vin(3c) = 2.0 V, Vo = OV, 

See Note 2) 

Input Current — Low Logic State 
(Three-State Control) 

(Vin (3s) = 9.5 V) 

Input Current — High Logic State 

(Three-State Control) 
(ViH(3s) = 2.7 V) 

(Vit(3g) = 5.25 V) 

Input Clamp Diode Voltage 
(Three-State Control) 

(Ic(3g) = ~10 mA) 


Power Supply Current 
‘(Vie (gs) =O V) | 


= 
3 


3 | 
| N 
ee : 
ua 


ist 
rs) 
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MC3486_ 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING CHARACTERISTICS (Uniess otherwise noted, Voc = 5.0 V and Ta = 25°C.) 


en 


Propagation Delay Time — Differential 
Inputs to Output 
(Output High to Low) tPHL(D) 
(Output Low to High) tPLH(D) 


Propagation Delay time — Three-State 
Control to Output 
(Output Low to Third State) 
‘(Output High to Third State) 
(Output Third State to High) 
(Output Third State to Low) 


NOTES: 
1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise 


noted, 
2. Only one output at a time should be shorted. 


3. Refer to ELA RS-422/3 for exact conditions. 
FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 


Propagation Delay Differential jnput to Output 


To Scope 
(Output) 3.0V 


To Scope 
(Input) 


Differential 


oe Cy = 15 pF en 
Puise 1. (includes Probe : Output 
Generator ~ and Stray VoL 
Capacitance) ov 
S.Steie‘Control input Pulse Characteristics 
trLH = tTHL = 6.0 ns (10% to 90%) 


41.5 V 42.0V ; PRR = 1.0 MHz, 50% Duty Cycle 


FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 


To Scope 
(InPUut) 3 state 


To Scope 
(Output) 


Pulse 
Generator 
5 +5.0 V 
.+1,.5 V for tppyz and tp_z -——— 
-1.5 V for tp; 7 and tpz_,_ All Diodes 1N916 or 
Differential Equivalent 
input Pulse CharacterIstics Inputs eco 
tTLH = trHy = 6.0 ns (10% to 90%) - ns ; ae 
PRR = 1.0 MHz, 50% Duty Cycle neds _ 
Probe and Stray _L : 
Capacitance) { sw2 


1.5 V: SW1 Closed 


SV 
Oov-- SW2 Closed 
x tpLz =  SW2 Closed tpHz 
. ¥ t 
aaa VOH ~ O5Vv 
Output 0.5 V Eout 
Pol i he ov Mavs oe = aegy 
tpZH tpzi 
3.0:'V 3.0V 
Input 1.5. V sw Open Input ; i pi Closed . 
Oe ine SW2 Closed ov-- Open 
tpZH tpze 
VOH 5.0 V ~ Vee 
: Output 1.5V 
VoL 


@) MOTOROLA Semiconductor Products Inc. 
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QUAD RS-422 LINE DRIVER 
WITH THREE-STATE 


QUAD LINE DRIVER WITH OUTPUTS 
THREE-STATE OUTPUTS SILICON MONOLITHIC 
. INTEGRATED CIRCUIT 
Motorola's Quad RS-422 Driver features four independent driver : 
chains which comply with EIA Standards for the Electrical Char- 
acteristics of Balanced Voltage Digital Interface Circuits. The outputs 
are three-state structures which are forced to a high impedance state 
when the appropriate output control pin reaches a logic zero condi- 
tion. All input pins are PNP buffered to minimize input loading for 
either logic one or logic zero inputs. In addition, internal circuitry 
assures a high impedance output state during the transition between . 
power up and power down. A summary of Mc3487 features include: cewawicuace Kee 


; , : CASE 620 
‘Four Independent Driver Chains : 


Three-State Outputs 

PNP High Impedance Inputs (PIA Compatible): 

Power Up/Down Protection 

Fast Propagation Times (Typ 15 ns) 

TTL Compatible P SUFFIX 
PLASTIC PACKAGE 

Single 5 V Supply Voltage CASE 648 

Output Rise and Fall Times Less Than 20 ns ; 


Equivalent to DS 3487 


PIN CONNECTIONS 


Input A 1 16 Voc 


N 2 16 
Outputs At; — IRAE? 
lakidiall 


DRIVER BLOCK DIAGRAM , 
: 5 Ae A/B Control 4 


‘*} Outputs D 
13 
12. C/D Control 
= \ Outputs C 

ie) 


Non-tnverting c 
‘ nput 


inverting 


TRUTH TABLE 


: Non-Inverter Inverter 
Input Output Output 
H Hose ose Hi }oeved. 


Output 
Control 


L = Low Logic State 
H = High Logic State 

X = Irrelevant 

Z = Third-State (High Impedance) 


This is advance information and specifications are subject to change without notice. 
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“ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 


Input Voltage 
+} Operating Ambient Temperature Range 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range : 


*“Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The “Table of Electrical Characteristics’’ provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted specifications apply 4.75 V < Vcc < 5.25 V and 0°C < Ta < 70°C. 
: Typical values measured at Vec = 5.0 V, and Ta = 25°C.) : 


Input Voltage — Low Logic State 


“Input Voltage — High Logic State 
Input Current — Low Logic State 
(Vip = 0.5 V) 
Input Current — High Logic State 
(Vip = 2.4V) 
(Vip = 5.5 V) ! 


Input Clamp Voitage 
(lic = -12 mA) 


Output Voltage — Low Logic State VoL 
(lo. = 48 mA) 
Output Voltage — High Logic State VOH 
Alou = -10.mA) 
(lou = -50 mA) , 


Output Short-Circuit Current 
(Vin = 2.0 Vv) 2 


Output Leakage Current — Hi-Z State 
Vit = 0.4 V, Vit(z) = 0.8 V) 
Vin = 2.4 V, Vi_(z) = 0.8 V) 
Output Leakage Current — Power OF F 
~ (Von = 6.0 V, Vec = 0 V) 
(VoL = -0.25 V, Vcc = 0 V) 


1.. See EIA Specification RS-422 for exact test conditions. 
2. Only one putput may be shorted at a time. 


(A) MOTOROLA Semiconductor Products inc. 
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ORDERING INFORMATION 


Davee Temperature Range Pasage mc3490 MC3494 


MC3490P 0°C to +70°C ~~. ~-—~Ss Plastic DIP 
MC3494P 0°C to +70°C Plastic DIP 


ANODE (DIGIT) DRIVERS FOR 
GAS-DISCHARGE DISPLAYS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


SEVEN-DIGIT GAS-DISCHARGE DISPLAY DRIVERS 


Seven channel digit (anode) drivers, the MC3490 and MC3494 
are specifically conceived to be used with high-voltage, gas-discharge PIN CONNECTIONS 
numeric displays such as the Burroughs’ Panaplex®, Beckman (Sperry) MC3490 
Cherry, or Diacon displays . 
The MC3490 version is configured such that a high logic level! P SUFFIX 
input causes the driver to turn on while the MC3494 requires a low PLASTIC 
logic level to turn the drivers on. Both devices are designed to mate eeienls 
with the MC3491 cathode (segment) driver. : 
. With a low input current requirement of only 300 WA typically, 
these devices are compatible with popular MOS chips. 
Minimum .breakdown voltage is specified at 48 V and output 
drive current capability is typically 30 mA per channel. 


®@ High Breakdown Voltage — 55 V Typical 

@ Low ‘nput Current for MOS Compatibility : 

® Available with Either Active High or Active Low Inputs 

@ Operable from Either Positive or Negative Supply Voltages 

e Input Clamp Diodes on MC3494 Version for DC Restoration 

@ Internal Pull-down Resistors MC3494 


TYPICAL APPLICATION 
WITH CAPACITIVE LEVEL SHIFT TO CATHODE DRIVER 


Voo 


Caiculator 
or Clock Circuit 


Gas-Discharge 
Visual Display 


Segment 
Outputs 


0.1 uF 


250. V - Segments 


(Cathodes) 


*Vcc is tied to the most positive 
voltage of the MOS circuit 


® Registered Trademark of Burroughs Corporation 
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MC3490, MC3494 


MAXIMUM BOMAGS (Ta = 25°C unless otherwise noted) 


Output Current 


(Vo =-5 V) 


Package Power Dissipation 
Derate above 25°C 


Junction Temperature 
Operating Ambient Temperature Range 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C, Voc = Gnd Se = -50 V, unless otherwise noted. Se gi 
: | ~~ mc3a90—ti‘“C”:CidC 
Characteristic Symbol iw: [| we a 
Substrate Breakdown Voltage Vs(BR) 48 
Pin 16,Vcc = Gnd 
Pin 8 connected to -60 V thru 5 kQ 
Input Current — On State N¥(on) 
Vv; = 0.0 V (See Figure 4) 
V, = -7.0 V (See Figure 3) -200 350 
Input Current — Off State N off) : 
V,=-15V 
Vp=00V - Pa 16 
Input Voltage — Off State he 
Vo = Veg (See Figures 3 and 4) 
Input Voltage — On State ee 
“Vo = Vcc-5.0 V (See Figures 3 and 4) 
Output Voltage — Off State VoOloff) 
V;= 0.0 V Veet5.0} Vege 
Vi =-7.0V : Vege +5.0 VES; - - ‘ 
Output Voltage — On State VOlon) Vde 
-3.5 -2.5 


19 =-20 mA, V; = 0.0 V 
19 =-20 mA, V, =-7.0V 


SYSTEM DISCUSSION 


The MC3491 and MC3490/MC3494 high voltage driver 
system is designed such that it can be floated and any 
point in the system may be tied to circuit ground.-In a 
MOS system, normaily either the ground pin on the 
MC3491 is tied to the most negative MOS voltage; or 
‘the Vcc pin on the MC3490/MC3494 is connected to 
the most positive MOS voltage. In the electrical character- 
istics table, this Vcc voltage is assumed to be 0.0 volts. 


The MC3490/MC3494 provides its own internal voitage 
reference when a current (-100 nA to -5 mA) is drawn 
at the Veg pin (Pin 8). This can be provided by connecting 
a resistor from Pin 8 to the high voltage reference on the 
cathode driver or any other voltage more negative than 
Vcc -60 V. This voltage (Pin 8) is approximately -55 V 
and provides a referencefor the pull-down function for 
each channel. 


WA) ‘MOTOROLA Semiconductor Products Inc. 
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-MC3490, MC3494 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 1 — SUBSTRATE CURRENT versus . : 
SUBSTRATE VOLTAGE a: FIGURE 2 — PERMISSIBLE OPERATING RANGE 


+ 


CA 
LM LLA 
| ALLL ALL 
AOLLLLLLGE” 
VL 


IEE, SUBSTRATE CURRENT (mA) 
Vee, SUBSTRATE VOLTAGE (VOLTS) 


Veg, SUBSTRATE VOLTAGE (VOLTS) Vcc. VOLTAGE (VOLTS) 


FIGURE 3 — OUTPUT VOLTAGE and INPUT CURRENT . FIGURE 4 — INPUT CURRENT and OUTPUT VOLTAGE 
versus INPUT VOLTAGE versus INPUT VOLTAGE 


~70 | -700 700 : ; 
(Se ea Sa OS a es PRS DF 
| | (Hi Es se ape ea (GO SY Rk || mc3aao 


B : Fs seen 2 
3 0 LT | TT) soo % & 500 P| 0 8 
2 =. os 
a 0 8 
i=] 2 « = ad 
sop PP AT oe 3 EET a 
a a > =] 
-_ 2a ae a 
=r a Pe a SE) | fe CD = 
3 eM ERR 

> 


0 se I = 
RRB. abla e 
SR)... .ceeeee eee 
Voc “1.0 --2.0 0 --300 4.00 5060-720 8.0 Vcc “10 -20 -30 -40 -50 -60 -70 -80 

: Vj, INPUT VOLTAGE (VOLTS) , Vj, INPUT VOLTAGE (VOLTS), 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/7 Shown) 


Voc 
D1 
D2 


D3 
D4 
05 


07 


Vee 
: (A) MOTOROLA Semiconductor Products Inc. 
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12-DIGIT McMOS GAS DISCHARGE DISPLAY 


When the number of digits for a gas discharge display 
system is greater than the number of segment drivers, it is 
generally more economical to level translate down to the 

_ cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -180 V respectively. 

The positive logic CMOS address circuits are powered 
by -10 V (Vpp = 0, Vss = -10 V) with the MC14558 
decoder outputs capacitor-coupled to the MC3491 Segment 
Drivers and the scan circuit directly-coupled to the 
MC3490 Anode. Drivers. Thus, only eight capacitors 
(seven segments, ohe decimal point) are required as com- 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 has input clamp diodes allowing for dc 
restoration of the segment address pulse. This high voltage 
driver (80 V) also features programmable segment current 
by the selection of a single external resistor. 

The MC3490 Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic level input 

“MC3494 Anode Driver should be used.) The internal 
zener diode string of the. MC3490 references the off 


drivers (and display anodes) to -50 V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MC14022 Octal Counter/Drivers. The 12 se- 
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. fn addition 
to driving the two MC3490s, the counter output should 
also controt the system multiplexer (not shown) to 
properly synchronize the entire display system. ie 

The .MC14558 BCD-to-Seven Segment Decoder. has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main- 
tained off for some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. ; 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 


FIGURE 5 — 12-DIGIT McMOS GAS DISCHARGE DISPLAY SYSTEM 
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ghs BR13251 


(8) 390 k 


1N6267 


75V 
4 5 6 V/2W 
Outputs 
MC3491 
Inputs 


4 5 6 


Current Programming 
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3-1/2 DIGIT VOLTMETER 

This specific application provides a 3-1/2 digit DVM 
utilizing the MC1505 dual ramp subsystem and CMOS 
MC14435 digital subsystem. Interfacing between low 
voltage fogic ICs and. the higher voltage gas discharge 
displays requires level translation or shifting. The method 
" described for the 3-1/2 Digit DVM _uses directly coupled 
high voltage (200 V) transistors to translate upward to the 
MC3494 Anode Drivers. Three of the transistors com- 
prising the MPQ7042.high voltage quad transistor are used 
for this function. These transistors, connected in a com- 
mon-base, constant-current configuration, are turned on 
by the negative going digit select output pulses of the 
MC14435. The current of approximately 330 uA is com- 
patible with 200 wA typical input current of the MC3494 
and the sink current capability of the MC14435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 Segment 
Driver. Cathode bianking is accomplished by taking the 
clock signal from Pin 4 of the MC14435 (approximately 
.§0% duty cycle) and tying it to the Enable input of the 
MC14458. The display segment current is increased accord- 
ingly to 1.1 MA (manufacturers maximum specified current 


equals 1.25 mA) for this relatively large cathode blanking 
period. ; 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively. Their de segment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 

The 1/2 digit segments are driven by transistor Q1. 
Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over- 
range Oscillator. 

When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscillator 
rate (approximately 8 Hz). This is accomplished by blank- 
ing the 1/2 digit through Q1 and the multiplexed digits 
through diode D1 to the decoder enable input. : 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 


FIGURE 6 — 3-% DIGIT DIGITAL VOLTMETER 
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12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 

-The MC3491 cathode driver and MC3494 anode 
driver, greatly simplify the interfacing of a clock chip 
(MOSTEK MK50250) to a gas discharge clock display 
(Burroughs CD60733-CM)}. 

The MK50250 has a6 digit clock display with muitiplex- 
ed 7 segment. outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
+75 Volts (off condition) with current limiting for the 

display provided via the current programming pin on the 
' MC3491. The +75 Volt reference is obtained from a 
75-Volt zener diode, Z1, R1, and a 50-Volt zener diode 
internal to the MC3494 anode driver. 

The programming current is reduced during the time 
when the “‘two seconds” indicator digits are ON, to reduce 
the current through these smaller digits of the display. 
Four diodes attached to each of the “hours” and ‘“‘min- 
utes” digits, provide a voltage of +180 Volts across the 
680 kQ resistor. During the “seconds” digits display time, 
the voltage is reduced to +130 Volts, thus reducing the 
programming current. 

The anodes for each of the six digits are switched 
between the +180 Volt positive supply and +130 Voits 
via the MC3494 anode drivers. Inter-digit blanking is 


provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494 uses 
two MPQ7042 quad high voltage transistor packages oper- 
ating in an emitter follower current source mode. Each 
current source turns on one of the MC3494 drivers by 
sinking 300 pA to ground for the proper “on” digit. 

The AM/PM clock output is in the high state when 
PM is indicated and has a 85% duty cycle corresponding 
to each anode on time. A MC14001. Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the D6 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used. in anode 
selection. 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 
are switched from +75 Volts to ground via T1 during the 
D5 digit time while the anodes are switched between 
+180 and +130 Volts. : 

Further information concerning operation or technical 
specifications on the MOSTEK clock chip, MK50250, and 
the Burroughs clock display, CD60733-CM is obtainable 
from the manufacturers. 


FIGURE 7 — 12 HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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‘EIGHT-SEGMENT VISUAL DISPLAY DRIVERS 


SEGMENT DRIVERS FOR 
GAS-DISCHARGE DISPLAYS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3491 and MC3492 are eight-segment cathode drivers for 
use with gas-discharge displays, such as the Burroughs’ Panaplex® 
Beckman, Cherry or Diacon types. Both devices are directly compat- 
ible with MOS logic outputs due to their low 300 vA input current 
requirement. 

All eight driver output currents are simultaneously programmable 
by selection of a single external resistor. As programmed, all eight 
currents match to within typically 1% of each other. 

Both devices provide dc restoration. The units are specified for a 
minimum breakdown voltage of 80 V. 

The MC3492 device is made for larger and higher intensity dis- 

_ plays requiring higher segment current. 
@ High Breakdown Voltage ~-- 80 V Min’ 
@ Drives Seven Cathode Segments plus Decimal Point 
@ All Currents Simultaneously Programmable with One Resistor 
@ MC3491 is Pin-for-Pin and Functionally Equivalent to DM8889 
@ Output Current/Programming Current Ratio — - 
Typically 4.5:1 for MC3491 ‘ 
9:1 for MC3492 a 
®@ Companion with MC3490 and MC3494 Anede Drivers 


@® MC3492 Provides Increased Output Current for High 
Intensity Displays 


P SUFFIX 
PLASTIC PACKAGE 
CASE.701 


PIN CONNECTIONS 


*Higher Voltage Selection Available 


FIGURE 1 — TYPICAL CALCULATOR APPLICATION 
WITH CAPACI TIVE LEVEL SHIFT AND ANODE DRIVER 


TEMPERATURE RANGE 
0 to +70°C 


C3 

MOS Clock MC3490 _— 
or Calculator or oa 
; Chip , Mc3494 ("= 


Segment : : ret | Gas-Discharge 


Outputs Visual Display 


: “VCC. pigits 1O8k 
#1; (Anodes) "A 
0.4 WE 7 =] 2 eClt 


Segments 
|. (Cathodes) 
"8-390 k 
SI. eee ey Wy 
S| meseer En 7 
5 eS 2 EP TA FE SE Ar B0V 
>| mcesae2 [5 SST FF 
5 Le (ie co eee ee NN neg 
O © Gee Asa 


“Voc is tied to the 
, Most positive levels 
of the MOS circuit. 


2 
® Registered Trademark of Burroughs Corporation 
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MAXIMUM RATINGS (Uniess otherwise noted, Ta = 25°C) 


Ee EL CO CC 


Output OFF Voltage VOloff) 
(Current Limited to 0.5 mA) 


Programming Current 


MC3491 
MC3492 
Junction Temperature - 


Operating Ambient Temperature Range 


Storage Temperature Range 


a 
i 
- (Vip = 7.0 Vv) 
Input Clamp Voltage = 
(liq = -1.0 mA) 


Input OFF Voltage 7 


Output OFF Current 
(Vit =9 V, Vo = Vcc) 


Output ON Current 
{lprog = 100 uA) 
(prog = 350 HA) jab 1050 1360 
(Iprog = 300 2A) ; . 
(prog a 500. uA) i 


Output Current Matching 
(All eight outputs) 

Output OFF Voltage 
(Iprog = 100 HA, Ry = 1.0MQ, Vi_ = 0 V) 
-{Iprog = 300 HA, RL = 1.0 MS, Vit =O Vv) 


Output ON Voltage Volon) 
(Iprog = 100 vA, RL = 1.0 MQ, Vip = 7.0 V) 


Output Saturation Voltage VoOlsat) 
© Uprog = 300 HA, Ry = 1.0 MO, Viy = 7.0 V) 


Output Voltage Compliance Range VOR(on) 
(prog = 100 HA, Io{on) = 450 HA, Vy = 7.0 V) 
(See Figure 3) 
(prog = 300 HA, IE(on) = 2.8 MA, Vin = 7.0 V) 
(See Figure 3) 


Circuit. diagrams utitizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of ilustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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ig, OUTPUT CURRENT (mA) 


ip, OUTPUT CURRENT (uA) 


TYPICAL PERFORMANCE CHARACTERISTICS 
FIGURE 2 — OUTPUT CURRENT versus PROGRAMMING CURRENT (Ta, = 25°C) 


MC3491 


Iprog. PROGRAMMING CURRENT (uA) _ 


I, OUTPUT CURRENT (mA) 


MC3492 


200 300 400 500 600 
Iprog: PROG RAMMING CURRENT (uA) 


FIGURE 3 — OUTPUT CURRENT versus OUTPUT VOLTAGE 
MC3491 (Vin = 7.0 V, Ta = 25°C) 


70 
See i Seed Se OD Da (WS 


Range of Output 


Voltage Compliance 


as aed ee 
Pes Bee eh | 
eS Re ee 


0 10 20 30 40 50 60 70 
Vo, OUTPUT VOLTAGE (VOLTS) 


Ip, OUTPUT CURRENT (A) 


MC3492 


p pf ft fT pt 


Range of Output 


Voltage Compliance 


77 a oe ee 
es a aS Pe 
EERE 


20 30 40 50 
Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 4 — TYPICAL INPUT CURRENT AND OUTPUT 
VOLTAGE versus INPUT VOLTAGE 


ty, INPUT CURRENT (uA) 


Vj, INPUT VOLTAGE (VOLTS) , 


Vo, OUTPUT VOLTAGE (VOLTS) 
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70 
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? 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 5 — TYPICAL PROGRAMMING CURRENT versus VOLTAGE ON PROGRAMMING PIN 
(Ty =-25°C) 


MC3491 MC3492 


a a ae a 
-++-+-++-+ 
ae 


400 


|prog PROGRAMMING CURRENT (mA) 


Iprog, PROGRAMMING CURRENT WA) 


Oo 10 2.0 3.0: 4.0 5.0 6.0 7.0 8.0 0 10 . 20 3.0 4.0 50 6 «6.0 7.0 8.0 
RESULTING VOLTAGE ON PROGRAMMING PIN RESULTING VOLTAGE-ON PROG RAMMING PIN 


- THERMAL INFORMATION 


The maximum power consumption an integrated circuit 


REPRESENTATIVE CIRCUIT SCHEMATIC 
can tolerate at a given operating ambient temperature, can . 


be found from the equation: poten 
oe T T Programming | O Output 
P rare J(max) —'A Current © - 
D(Ta) ResalTyp) | Celi repeated ; 


8 times 


Where: PD(Ta) = Power Dissipation allowable at a given | 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
‘currents at the worst case operating condition.. 


| 
‘2 
| 
| Re 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 


- Temperature © Substrate - 
ReJa(Typ) = Typical Thermal Resistance Junction to : [= . 
Ambient Rae a Ne aT oa | 


® MOTOROLA Semiconductor Products Inc. 
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12-DIGIT McMOS GAS DISCHARGE DISPLAY 


When the number of digits for a gas discharge display 
system is greater than the number of segment drivers, it is 


generally more economical to levei translate down to the - 


cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -180 V respectively. 

The positive logic CMOS address circuits are powered 


_by -10 V (Vpp = 0, Vsg = -10 V) with the MC14558 | 


decoder outputs capacitor-coupled to the MC3491 Segment 
Drivers and: the scan circuit diréctly-coupled to the 
MC3490P Anode Drivers. Thus, only eight capacitors 
(seven segments, one decimal point) are required as com- 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 and MC3492 have input clamp diodes 
allowing for dc restoration of the segment address pulse. 
These high voltage drivers (80 V) also feature programma- 
ble segment current by the selection of a single external 
resistor. ae 

The MC3490P Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic level input 
MC3494P Anode Driver should be used.) The internal 


zener diode string of the MC3490P. references the off 
drivers (and display anodes) to -50 V without the need of 
pull-down resistors. . 

Digit scanning for this example is derived from two 
cascaded MC14022 Octal Counter/Drivers. The 12 se- 
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. In addition 
to driving the two MC3490P’s, the counter output should 
also control the system multiplexer (not shown) to 
properly synchronize the entire display system.. 

The MC14558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main- 
tained off for some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. 

The high voltage power supply rise and fall times should - 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. ; 

For this example, power supply rise and fail time of 
50 ms minimum will suffice. 


FIGURE 6 — 12-DIGIT McMOS GAS DISCHARGE DISPLAY SYSTEM 
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3-1/2 DIGIT VOLTMETER ae 
This specific application provides a 3-1/2 digit DVM 
utilizing the MC1505 dual ramp subsystem and CMOS 
. MC14435° digital subsystem. interfacing’ between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3-1/2 Digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upwa.d to the 
MC3494 Anode Drivers(1). Three of the transistors com- 
prising the MPQ7042 high voltage quad transistor are used 
for this function, These transistors, connected in a com- 
mon-base, constant-current configuration, are turned on 
by the negative going digit select output pulses of the 
MC14435. The current of approximately 330 uA is com- 


patible with 200 yA typical input current of the MC3494 


and the sink current capability of the MC14435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 or 
MC3492 Segment Drivers. Cathode blanking is accom- 
plished by taking the clock signal from Pin 4 of the 
MC 14435 (approximately 50% duty cycle) and tying it to 
the Enable input of the MC14458. The display segment 
current is increased accordingly to 1.1 mA (manufacturers 


maximum specified current equals 1.25 mA). for this rela- 
tively large cathode blanking period. 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively. Their dc segment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 

, The 1/2 digit segments are driven by transistor Q1. 
Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over- 
range Oscillator. 

When an overrange situation occurs, the oscillator is | 
enabled, thus causing the display to flash at the oscillator . 
tate (approximately 8 Hz). This is accomplished by blank- 
ing the 1/2 digit through Q1 and the multiplexed digits 
through diode D1 to the decoder enable input. 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 


FIGURE 7 — 3-% DIGIT DIGITAL VOLTMETER 
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12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 

The MC3491 or MC3492 cathode drivers and MC3494P 
anode driver, greatly simplify the interfacing of a clock 
chip (MOSTEK MK50250) to a gas discharge clock dis- 
play (Burroughs CD60733-CM). 

; The MK50250 has a6 digit clock display with multiplex- 

ed 7 segment outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
+75 Volts (off condition) with current limiting for the 
display provided via the current programming pin on the 
MC3491 or MC3492. The +75 Volt reference is obtained 
from a 75-Volt zener diode, Z1, R1,.and a 50-Volt zener 
diode internal to the MC3494P anode driver. 

The programming current is reduced during the time 
when the ‘‘two seconds” indicator digits are ON, to reduce 
the current through these smaller ‘digits of the display. 
Four diodes attached to each of the “hours” and ‘‘min- 
utes” digits. provide a voltage of +180 Volts across the 
680 kQ2 resistor. During the “seconds” digits display time, 
the voltage is reduced to +130 Volts, thus reducing the 
Programming current. ; 


"The anodes for each of the six digits are switched’ 


between the +180 Volt positive supply and +130 Volts 


via the MC3494P anode drivers. Inter-digit blanking is” - 


provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494P uses 


two MPQ7042 quad high voltage transistor packages oper- . 


ating in af emitter follower current source mode. Each 
current source turns on one of the MC3494P drivers by 
sinking 300 uA to ground for the proper “‘on’’ digit. 


The AM/PM clock output is in the high state when © 
PM is indicated and has a 85% duty cycle corresponding - 


to each anode on time. A MC14001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the D6 digit. These Gates controi the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection. . 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 


_ are switched from +75 Volts to ground via T1 during the 


D5 digit time while the anodes are switched between 
+180 and +130 Voits. 

Further information concerning operation or technical! 
specifications on the MOSTEK clock chip, MK50250, and 
the Burroughs clock display, CD60733-CM is obtainable 
from the manufacturers. : 


FIGURE 8 — 12-HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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Ri 
27k 


175 V 


C6875 


Product Preview 


M6800 CLOCK GENERATOR 


MC6800 TWO PHASE 
CLOCK GENERATOR/DRIVER 


SCHOTTKY MONOLITHIC 


Intended to supply the non-overlapping ¢1 and $2 clock signals INTEGRATED CIRCUITS 


required by the microprocessor. Both the oscillator and high capaci- 
tance driver elements are included along with numerous other logic 
accessory functions for easy system expansion. 


Schottky technology is employed for high speed and PNP-buffered 
inputs are employed for NMOS compatibility. A single +5 V power 
supply, and a crystal or RC network for frequency determination are 
required. The Plastic-packaged version lists for $3.49 at 100—up. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


MPU CLOCK GENERATOR 


4xfo ‘— A free running oscillator at four times 
onfo _ (two times) the MPU’s clock rate useful 


for a system sync signal. L SUFFIX 


CERAMIC PACKAGE 

DMA/REF REQ — An asynchronous input used to freeze the CASE 620 
MPU clocks in the $1 high, $2 low state . 

for dynamic memory refresh or cycle steal 


DMA (Direct Memory Access). 


DMA/REF GRANT — ,A synchronous output used to synchro- 
nize the refresh or DMA operation to the 
MPU. 
MEMORY READY An asynchronous input used to freeze the 
: MPU clocks.in the $1 low, $2 high state 
for slow memory interface. 


MPU ¢1 Capable of driving the $1 and $2 inputs 
MPU 2 on two MC6800’'s. 


BUS ¢2 An output nominally in phase with MPU 
$2 having MC8T26 type drive capability 
which follows MPU 2. 


MEMORY CLOCK An output nominally in phase with MPU 
$2 having MC8T26 type drive capability 
which. free runs during a refresh request 
cycle. ; 


PIN CONNECTIONS 


Vec 
MPU $1 

) eset 
MPU $2 
System Reset 
OMA/Ref Grant 


CVCTEM REGET A: Schmidt . tri input fi i 
SYSTEM RESET Ay Schmidt .trigger input for attaching a DMA/Ref Red 


capacitor to ground (power on reset) and/ 
or a switch to ground (reset switch). 
Internal resistor to Vcc. 


On noah WN = 


Memory Clock 


An output to the MPU and 1/0 devices. 


Provision to attach a series resonant crystal 
or RC network. 


Allows driving by an external TTL signal 
to synchronize the MPU to an external” . 
system. : 


This is advance information and specifications are subject to change without notice. 
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QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the —48 mA driver and —20 mA receiver out- 
puts are short-circuit protected and employ three-state enabling inputs. 


The device is useful as a bus extender in systems employing the 


M6800 family or other comparable MPU devices. The maximum 
input current of 200 WA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

The MC8T26A is identical to the NE8T26A and it operates from 
asingle +5 V supply. 


@ High Impedance Inputs 

@ Single Power Supply 

‘@ High Speed Schottky Technology 

@ Three-State Drivers and Receivers 

@ Compatible Wtih M6800 Family Microprocessor 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GNO+5 V $1 $2 
e 


ADDRESS 
AND 
CONTROL 
BUS 


MC6860 oa 
MODEM 
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MC6880A 
MC8T26A 


This device may be ordered under 
either of the above type numbers. 


QUAD THREE-STATE 
BUS TRANSCEIVER 


. 


1 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC6880A 
MC8T26A 


Receiver 


Receiver 
Output 


Receiver Driver 


Output 5 | 12] Input 


4 


| ORDERING INFORMATION 


: , Temperature 
Device Alternate Range Package 


MC6880A/MC8T26A 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 
Rating 


Characteristic 


tnput Current — Low Logic State 
(Receiver Enabie Input, Vi_ (RE) = 0.4 V) 
(Driver Enable Input, Viz (pe) = 0.4 V) 
(Driver Input, Vit (p) = 0.4 V) 
(Bus (Receiver) Input, Viz (g) = 0.4 V) 


Input Disabled Current — Low Logic State 
(Driver Input, ViL(p) = 0.4 V) . 


Input Current-High Logic State 

(Receiver Enable Input, Vii (Re) = 5.25 V) 

(Driver Enable Input, Vin(pE)-= 5.25 V) 'TH(DE) 
| (Driver Input, ViH(p) = 5.25 V) 'THID) 
{Input Voltage — Low Logic State 

" (Receiver Enable Input) ; ViL(RE) 

(Driver Enable Input VIL(DE) 

(Driver Input) ViL(D) 

(Receiver Input) Vit(B) 


Input Voltage — High Logic State 
(Receiver Enable Input)  ViRn(RE) 
(Driver Enable Input) VIH(DE) | 
(Driver Input) ViH(D) 
(Receiver Input) VIH(B) 


Output Voltage — Low Logic State _ 
(Bus Driver) Output, lo. (pg) = 48 MA) 
(Receiver Output, lor (rR) = 20 mA) 
Output Voltage — High Logic State 
(Bus (Driver) Output, IQH(B) =.—10 mA) 
(Receiver Output, IOH(R) = —2-0 mA) 
(Receiver Output, !oH(R) = —100KA, Vcc = 5.0 V)- 


Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(p) = 2.4 V) 1OHL(B) 
(Receiver Output, VoH(R) = 2.4 V) IOHL(R) 


Output Disabled Leakage Current — Low Logic State 
(Bus Output, Vota) = 0.5 V) | touts). 
(Receiver Output, VoL(R) = 0.5 V) TOLLIR) 


Input Clamp Voltage 
(Driver Enable Input !ip(pe) =—12 MA) — VIC(DE) 
(Receiver Enable Input l{c(RE) = +12 MA) ViC(RE) 
(Driver Input 11c(p) = —12 mA) Vici(p) 
Output Short-Circuit Current, Vcc = 5.25 V 
(Bus (Driver) Output) 
(Receiver Output) 


Power Supply Current : : 
(Voc = 5.25 V) 


_ (1) Only one output may be short-circuited at a time. ; es os 
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‘ 


SWITCHING CHARACTERISTICS (Uniess otherwise noted, specifications apply at Ta = 25°C and Vcc = 5.0 V) 
Characteristic 


Propagation Delay Time from Receiver (Bus) Input.to 
High Logic State Receiver Output 


Propagation Delay Time from Receiver (Bus) Input to tPHL(R) 
Low Logic State Receiver Output 

Propagation Delay Time from Driver Input to tPLH(D) 
High Logic State Driver (Bus) Output , 


Propagation Delay Time from Driver Input to tPHL(D) 
: Low Logic State Driver (Bus) Output 


Propagation Delay Time from Receiver Enable Input to 
High impedance (Open) Logic State Receiver Output 


Propagation Delay Time from Receiver Enable input to tpZL(RE). 
. Low Logic Leve! Receiver Output | 
tpLZ(DE) 


Propagation Delay Time from Driver Enable Input to tpZL(DE) 
Low Logic State Driver (Bus) Output 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT. TO RECEIVER OUTPUT ‘PLHIR)*PHLIR) 


: Input Pulse Frequency = 10 MHz 
PLH(R) Duty Cycle = 50% 
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Input 
O 


Receiver 


Receiver (Bus) 
: Output 


Input 


Driver 
Input 


Pulse 


: Driver 
Generator. 


Enable 
Input 


‘MOTOROLA ‘Semiconductor Products Inc. 


\ 


5-240 


MC6880A/MC8T26A 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
ORIVER INPUT TO BUS (DRIVER) OUTPUT *PLH(D) AND tpHLID) 
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FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp_z(RE), AND tpzL (RE) 
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FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
. ORIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT ‘pt O(DE) AND tpoL(DE) 
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TRIPLE BI-DIRECTIONAL BUS SWITCH 


The MC688 1/3449 is a three channel, non-inverting, bi-directional 
Bus Extender. It is designed to allow the bi-directional exchange of 
TTL level digital information between a selected pair of ports in a 
three port network. All three ports of each channel may be forced to 
a high impedance condition through that channel's Enable input. 

Port pair selection and listener/talker status for the three channels 
is determined through the Control! and Select inputs. All inputs are 
PNP buffered, M6800 Family compatible, and protected with 
Schottky-Barrier diode clamps to suppress undershoot voltages. 


-A summary of MC6881/3449 features include: 


Three Channels 

Noninverting Data Exchange 
Bi-Directional Operation 

Active Pull-Up with Three-State Capability 
High impedance Inputs 

TTL Compatible 

High Speed Schottky Technology 


Single Power Supply 


FUNCTIONAL DIAGRAM 
To Other Switches 


Select 


- Control 
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MC3449 


This device may be ordered‘under 
either of the above type numbers. 


BI-DIRECTIONAL 
BUS EXTENDER/SWITCH 


LSUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


TRUTH TABLE 


Enable Data Flow 


X - Don’t Care 


ese 
Ed 
(2 
po 

cade 


PIN CONNECTIONS 


Select 
(1 of 2) 


Control 
(Direction) 


MC6881/MC3449 


Symbal 


Input Current — Low Logic State Ne 3 
(Vi_ = 0.4 Vv) 


Input Current -- High Logic State 


(Ving = 2.7°V) 


(Vipy = 5.25 V) 


Input Voltage — Low Logic State 
Input Voltage — High Logic State 
Output Voltage — Low Logic State : . oM 
Vv 


(loL = 8.0 mA) 


(lo, = 16 mA) 


1H. 
OL , 
. Output Voltage — High Logic State : OH 2.4 
(lon = —1.0 mA) 
loc 


Output Disabled Current 
(VOH = 2.7 V) 


(VoL = 0.4 V) 


Two MPUs SHARING a Common Main-Memory 


ADORESS AND 
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DATA 
BUS 


mMc6800 
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CLOCK 


HIGH SPEED 
MAIN MEMORY 


ADDRESS 
AND CONTROL 


MC6881 
' MC3449 


MC6885-MC6888 
ADD. AND CONT 
¢1 


oe DATA DATA 
Mcé6800 


ADDRESS AND 
CONTROL BUS 


MOTOROLA Semiconductor Products Inc. 


5-244. 


MC6885/MC8T95 
MC6886/MC8T96 
MC6887/MC8T97 
MC6888//MC8T98 


Advance Information : 


This device may be ordered under 
either of the above type numbers. 


HEX THREE-STATE BUFFER INVERTERS 

-This series of devices combines four features usually found 
desirable in bus oriented systems. These features are: 1) — high im- 
pedance logic inputs insure that these devices do not seriously 
load the bus, 2) — three-state logic configuration allows buffers not 
being utilized to be effectively removed from the bus, 3) Schottky 
technology allows high-speed operation and 4) High-impedance 
output state maintained during power up/down. 

The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which 
controls all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 provide two Enable inputs — one 
controlling four buffers and the other controlling the remaining 
two buffers. ; ; 

The units are well-suited for Address buffers on the M6800 or 
similar microprocessor application. : 


HEX THREE-STATE 
BUFFER/INVERTERS 


4 ; : ; : : 7 
1 


CASE 620 CASE 648 


High Speed — 8.0 ns (Typ) 

Three-State Logic Configuration 

Single +5 V Power Supply Requirement 

Compatible with 74S Logic or M6800 Microprocessor Systems 
High Impedance PNP Inputs Assure’ Minimal Loading of the Bus 


INPUT EQUIVALENT 
CIRCUIT 


fo 


OUTPUT EQUIVALENT 
CIRCUIT 


+ 


MICROPROCESSOR BUS EXTENDER APPLICATION 


: (Clock) 
GNO +5 V $1 $2 


M6800 
MPU. 


MC6885/MC8T9S5 . ‘ 

thru MC6880/MCB8T 26 
MC6888/MC8T98 BUS EXTENDER 
BUS EXTENDER : 


AND | 


BUS 


\ ORDERING INFORMATION 
(Temperature Range for the following devices = 
0 to +75°C) 


7 


_This is advance information and specifications are subject to change without notice: . : : 
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MC6885—88/MC8T95—98 


PIN CONNECTIONS AND TRUTH.TABLES 
MC6885/MC8T95 : MC6886/MC8T96 


Enable 4 16] Voc Enabie 4 
Input A Enable 2 Input A 
Output A 141 Input F 5 Output A 


tnput B 113 | Output F Input B 


Output B 12] input E , Output B 


Input C 11 Output E Input C. 


Input O ; Output C 0 


L = Low Logic State 

H = High Logic State 

2 = Third (High Impedance) State 
X = Irrelevant 


Output C 


Gnd: 


Rating 
Power Supply Voltage 
Input Voltage 


Operating Ambient Temperature Range 
Storage Temperature Range 


Operating Junction Temperature 
Plastic Package 
Ceramic Package 


. (MA) MOTOROLA Semiconductor Products inc. 
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MC6885—88/MC8T95—98 


ELECTRICAL CHARRCTERISTICS (Unless otherwise noted, O°C ST, <75°C and 4.75 V <V¢c <5.25 V) ' 


TRput Vottage — High Logic State 
(Voc = 4.75 V, Ta = 25°C) 
Input Voltage — Low Logic State 
(Voc = 4.75 V, Ta = 25°C) 
Input Current — High Logic State 
(Voc = 5.25 V, Vix = 2.4 V)- 
Input Current — Low Logic State 
(Voc = 5.25 V, Vit = 0.5 V, Vite) = 0.5 V) 
Input Current — High impedance State 
(Voc = 5.25 V, Vit() = 0.5 V. Vin (E)= 2.0 V) 
Output Voltage — High Logic State 
(Vcc = 4.75 V, lop = -5.2 mA) 
Output Voltage ~— Low Logic State 
(lo = 48 mA) 
’ Output Current — High Impedance State 
(Vcc = 5.25 V, Von = 2.4 V) 
(Vcc = 5.268 V, Voy = 0.5-V) 
Output Short-Circuit Current 
(Vcc = 5.25 V, Vo = 0) 
(only one output can be shorted.at a time) 


Power Supply Current 
(Voc = 5.25 V) MC8T95, MC8T97, MC6885, MC6887 
MC8T96, MC8T98, MC6886, MC6888 
Input Clamp Voltage 
(Voc = 4.75 V, lic = -12 mA) 
Output Vcc Clamp Voltage 
(Vcc = 9, joc = 12 mA) 
Output Gnd Clamp Voitage 
(Vcc = 0. loc = -12 mA) 
Input Voltage 
(1, = 1.0 mA) 


MCBT95/97 MC8T96/98 
MC6885/87 MC6886/88 
Typ 


Symbol 


Characteristic 
Propagation Delay Time — High to Low State 
(CL = 50 pF) 

(Ci. = 250 pF) 
(CL = 375 pF) 
(CL = 500 pF) 


Propagation Delay Time — Low to High State tPLH 
(CL = 50 pF) 
(Cy. = 250 pF) 
(CL = 375 pF) 
(C, = 500 pF) ts 


Transition Time — High to Low State 
\ (Cy, = 250 pF) 

(Cy = 375 pF) 

(Cy = 500 pF) 
Transition Time — Low to High State 
(CL = 250 pF) 
(CL = 375 pF) 
(Cy. = 500 pF) 


4 


(AA) MOTOROLA Semiconductor Products inc. - 
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¢ 


-MC6885—88/MC8T95—98 


iz ‘ 
Ud 


= 5.0 V, Ta = 25°C unless otherwise noted.) ; 
MC8T95/37 MC8T96/98 
MC6885/87 MC6886/88 2 


"SWITCHING CHARACTERISTICS (v 


\ 


Characteristic 


Propagation Delay Time — High State to Third State 


cnt Bs Ma Wa lM 
(CL = 5.0 pF) 
Propagation Delay Time — Low State to Third State tPLZ(E) 3.0 12 
(C, = 5.0 pF) ; 
Propagation Delay Time — Third State to High State tPZH(E) 5 
’ Propagation Delay Time — Third State to Low State tPZL(E) 12 


FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY 


FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS TIMES INPUT TO OUTPUT 
' | 3V 
ise ui louise 


Open for tpz}(E£) Test Only , {Input 
+5 V 


Input or 
Enable 


— Vou 
eo VWA—O Output ’ 
ae MC8T96, MC6886 
1N3064 MC8T98 or MC6888 VOL 
Pulse or Equivalent tPLH 
Generator : VOH 
Output : 
MC8T95,,MC6885 
MC8T97 or MC6887 v ‘ 
= Open for 2 


Input Pulse Conditions - 


i tTHL= tTLH < 10ns 
f= 1.0 MHz 


Cy, Includes Probe and 
Jig Capacitance 


teZzL(e) Test Only 


FIGURE 3 — WAVEFORMS FOR PROPAGATION DELAY TIMES — ENABLE TO OUTPUT 


ee re 3.0 V 


VOH 


Output \ Enable 
<1.5V 0 
tPHZ(E) 
3.0 V 
Enable 15 V Output 
) VoL 
3.0 V 
Enable Enable 
ie) ° é 
Output VoL VOH 
‘ = 
. TPLZ(E) Output 


H= High-Logic State, L = Low-Logic State, Z = High Impedance State 


(M) MOTOROLA Semiconductor Products Inc. - 
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MC6885—88/MC8T95—98 


FIGURE 4 — ADDRESS MULTIPLEXER FOR 16-PIN 4K NMOS MEMORY 


Row Enable O 
Ag 


Row Address From MPU 


Column Address 
From MPU 


Ai2 


Column Enable. O 


MCM6604 
NMOS 


Memory 
Array 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 


Ty(max) -TA 
ResalTyp) 


PD(Ta) = 


Where: Pp(T,) = Power Dissipation allowable at a given ; 


Operating ambient temperature. Fhis must be greater than 


the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


Tj(max) = Maximum Operating Junction Temperature 
as listed-in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature . 
Re saAl(Typ) = Typical Thermal Resistance Junction to 


Ambient 


(AA) MOTOROLA Semiconductor Products Inc. 
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NON-INVERTING 
QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 WA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

~ Propagation delay times for the driver portion are 17 ns maximum 
while the receiver portion runs 17 ns for tpyy,.and 17 ns for tp y. 
The MC8T28 is identical to the NE8T28 and it operates from a 
single +5 V supply. 

High Impedance Inputs 


Single Power Supply 
High Speed Schottky Technology 


Compatible with M6800 Family Microprocessor 


e 
e 
e 
@ Three-State Drivers and Receivers 
e 
®@ Non-tnverting 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GND +5 V $1 $2 
J 


MC6885/MC8T95 
thru 

MC6888/MC8T98 

BUS EXTENDER 


ADDRESS 
AND 
CONTROL 
BUS 
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- MIC6889 
MC8T28 


This device may be ordered under 
either of the above type numbers. 


NON-INVERTING . 
BUS TRANSCEIVER 


LSUFFIX — 
CERAMIC PACKAGE 
CASE 620 
_ 16 
1 , 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC6889 
; MC8T28 


‘Receiver 
Enable 
Input 
Receiver 


Driver 


12] input 


MC6889/MC8T28 


MAXIMUM RATINGS (Ta = 25°C untess otherwise noted.) 


Rating Symbol [Van [Ua 


Power Supply Voltage | 80) | Vde 


Input Voltage 
Power Dissipation @ Ta = 25°C pores | 1000 mW. 


Oerate above 25°C 6.7 mW/°C 


Operating Ambient Temperature Range | oto+7s | | oC | 
Storage Temperature Range -65 to+150 


Input Current — Low Logic State 
(Receiver Enable Input, Vit(Re) = 0.4 V) 
(Driver Enable Input, Vit (DE) = 9.4 V) 
(Driver Input, ViL(p) = 0.4 V) 
(Bus (Receiver) Input, Vi_(p) = 0.4 V) 


Input Disabted Current — Low Logic State ' 
(Driver input, Vii(p) = 0.4 V) -WL(D) Dis -25 BA 


Input Curtent-High Logic State 
(Receiver Enable tnput, Viy( Re) = 5.25 V) NWH(RE} 25 uA 
(Driver Enable input, Vin(pE) = 5-25 V) HIDE) 25 
(Driver Input, ViH(p) = 5.25 V) NHID) 3 


tnput Valtage — Low Logic State 
(Receiver Enabie Input) ViL(RE) 
(Driver Enable input VIL(DE} 
(Driver Input) : : ViL(o) 
(Receiver Input) : VEL(B) 


input Voltage — High Logic State 
(Receiver Enable input) 
(Driver Enable input) 
(Driver Input) 
(Receiver Input) 


Output Voltage — Low Logic State 
(Bus Driver) Output, Io. (B) = 48 mA) 
(Receiver Output, Io (R) = 20 mA) 
Output Voltage — High Logic State , 
- (Bus (Driver) Output, IoH(B) = —10 mA) 
(Receiver Output, IoH(R) = —2-0 MA) 
(Receiver Output, IOH(R) = —100HA, Voc = 5.0 V). 


Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(g) = 2.4 V) loHt(e) 
(Receiver Output, VoH(R) = 2-4 V) IOHLI(R) 


Output Disabled Leakage Current — Low Logic State i 
(Bus Output, VoL(p) = 0.5 V) loL LR) 
(Receiver Output, Vo_(R) = 0.5 V) foLLiR) 


Input Clamp Voltage 
(Driver Enable Input 1)p(pE) = —12 mA) ; Vic(DE) 
(Receiver Enable Input I}c(RE) = -12 MA) Vic(RE) 
(Driver Input ty¢(p) = —12 mA) Vicib) 
Output Short-Circuit Current, Voc =.5.25 V 
(Bus (Driver) Output) 'os(B) 
(Receiver Output) 'osiR) | 


Power Supply Current loc 
(Voc = 5.25 Vv) ‘ 
{1) Only one output may be short-circuited at a time. 


SWITCHING CHARACTERISTICS (Unies otherwise noted, Voc =.5.0 V and Ta = 25°C) 


. Characteristic 


Propagation Delay Time—Receiver (C, = 30 pF) tPLH(R) 


tPHL(R) 
Propagation Delay Time—Driver (Cy = 300 pF) ; ; 


Propagation Delay Time—Enables (Ci, = 30 pF) tpZL(R) 
tPLZ(R) 


(CL = 300 pF) | tPZL(D) 
tPLZ(D) 


; (A) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature-Range Package . 
Messen. = set tas | ceramcole «= | «MICZ524 «=MiC5524 
MC7524L .. orc to +70°%C Ceramic DIP 
Moe. «6 «pew sare )©=© coameoe §=©=— |“ MIC7525) = MC5525 
MC7525P 0°C to +70°C Plastic DIP . . - 


DUAL HIGH-SPEED 

DUAL SENSE AMPLIFIERS . SENSE AMPLIFIERS 

’ ae : SILICON MONOLITHIC 

This dual sense amplifier is designed for use with high-speed INTEGRATED CIRCUIT 
memory systems. Low level pulses originating in the-memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 


Adjustable Threshold Voltage Levels 
High-Speed, Fast Recovery Time © 
Time and Amplitude Signal Discrimination 


High dc Logic Noise Margin 
1.0 Volt typ L SUFFIX 
. : CERAMIC PACKAGE 
@ Good Fan-Out Capability i. CASE 620 
®@ \ndependent Strobing , 


®@ Separate Logic Outputs 


P SUFFIX 
SCHEMATIC DIAGRAM : PLASTIC PACKAGE 
, CASE 648 


(MC7524 and MC7525 
Only) 


PIN CONNECTIONS 


Ref + | : Strobe Output Output Strobe 
Sere: A A Gnd B B N.C. Gnd 
input " O ° ° 0 9 O O > 


Differential 


Differential Reference Differential 
inputA Anput - Input 8B 


‘ 


el TRUTH TABLE | 
0 ‘ Differential Strobe 
‘ is B 


L 

, L . 
H 
H 


Where: 

H = High Logic State 
L = Low Logic State 
O= Vin <VTH 
1=Vin>VTH 


MC7524, MC7525 / MC5524, MC5525 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Dissipation _ 
Derate above Ta = +25°C ; 3.85 mw/°c 


Operating Ambient Temperature Range _ MC5524, MC5525 Ta 55 to +125 °C 
MC 7524, MC 7525 . i Oto +70 ; 


Input Threshold Voltage ' : Vth 
(Vref = 15 mV) MC5524, MC7524 , 
MC5525, MC7525 
(Vref = 40 mV) MC5524, MC7524 
MC5525, MC7525 
(Vref = 15 mV) MC5524 : Ta = -55°C to 0°C and 
Tp = 70°C to 125°C © 
MC5525 | Tp = 55°C to 0°C and 
Ta = 70°C to 125°C 
(Vref = 40 mV) MC5524 Ta = -55°C to 0°C and 
Ta = 70°C to 125°C 
MC5525 Tp = -55°C to 0°C and 
; Ta = 70°C to 125°C 


Ta = Oto 70°C 


Input Common-Mode Firing Voltage 
(Vref = 20 mV, Vip(S) = 5.0 V} 


input Bias Current. 
(Voc = 5.25 V, Veg = -5.25 V, Ta = -55°C to 0°C) MC5524,MC5525 
(Vcc = 5.25 v, Vee =-5.25 V, Ta = 0°C to Thigh) MC7524,MC7525 


input Offset Current 
(Vcc = 5.25 V, Veg = -5.25 V) 


Differential Input Impedance 
(f = 1.0 kHz) 


Strobe Input Current — Low Logic State 7 
- (ViL(s) = 0.4 V) 


Strobe !nput Current — High Logic State 
(Vir(s) = 2.4 V) 
(Vin(s) = 5.25 V) 


Output Voltage — High Logic State 

(Vcc = 4.75 V, VEE = ~4.75 V, IoH = ~400: 2A) 
‘Output Voltage — Low Logic State . 

(Vcc = 4.75 V, Veg = -4.75 V, lo = 16 mA) 
Short-Circuit Output Current 

(Voc = 5.25 V, Veg = -5.25 V) 


Power Supply Currents 
(Voc = 5.25 V, Veg = -5.25 V, Ta = 25°C) 


*Thigh = 125°C for MC5524 and MC5525 
Thigh =. 70°C for MC7524 and MC 7525 
Tlow = -55°C for MC5524 and MC5525 7.4 
Tlow = 0°C for MC7524 and MC7525 


MC7524, MC7525 / MC5524, MC5525 


SWITCHING CHARACTERISTICS (Vo, =5.0 V, Veg = -5.0 V, Ta = 25°C unless otherwise noted.) 
Pf ts—si—‘COCCCCharactoristic CSTs Symbol Typ 


Propagation Delay Time — Differential 
Input to Output 


tPLH(D) 
PHL(D) 


Propagation Delay Time — Strobe 
Input to Output 


tPLH(S) 
tPHL(S) 


Differential-Mode Input Overload Recovery Time | toR(DM) | 
Common-Mode Input Overload Recovery Time toR(CM) 
inimum Cycle Time 
PROPAGATION DELAY TIME — PROPAGATION DELAY TIME 
DIFFERENTIAL INPUT to OUTPUT STROBE INPUT to OUTPUT 
40 mV 
Diff 
fnput ov 
3.0 V 
Strobe 1.5 V 
Input 
: Strobe 
tPLHID) tPHL(D) TORRE ey. 
VOH 
Output 
VoL Output Voz; 
Input Pulse Characteristics tPLH(S) tPHL(S) 
tTLH * tTHL = 15 Ns 
f= 1.0 MHz 


PROPAGATION DELAY TIMES 
TEST CIRCUIT 


To Scope 
+5.0V (Output) 


To Scope 
(Diff Input) 


15 pF 
(Include Probe and 
Jig Capacitance) 


To Scope 
(Strobe Input) 


ORDERING INFORMATION 


_ Device Temperature Range Package 
MC5528L —55°C to +125°C Ceramic DIP 


crest = ecwe” Grane OF MC7528 = M5528 
Mcrae Game MC7529 + MC5529 
MC7529P 0°C to +70°C Plastic DIP es 


DUAL HIGH-SPEED 
SENSE AMPLIFIER 
WITH PREAMPLIFIER 


MONOLITHIC DUAL SENSE AMPLIFIERS TEST POINTS 


WITH PREAMPLIFIER TEST POINTS 


_ This dual sense amplifier is designed for use with high-speed 
memory systems. Low level pulses originating in the memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 
External preamplifier test points provide for very accurate timing 
of the strobe with the input signal. 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


® Adjustable Threshold Voltage Levels 16 


. | ia — 


1 


High-Speed, Fast Recovery Time 


e 
© Time and Amplitude Signal Discrimination 
e 


High de Logic Noise Margin 
1.0 Voit typ - 


Good Fan-Out Capability 


Independent Strobing L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


Separate Logic Outputs 
Test Points Available for Accurate Strobe Timing 


SCHEMATIC DIAGRAM 


iy ee ae nur 
Cex: PLASTIC PACKAGE 
CASE 648 


(MC7528 and MC7529 only) 


o 
REFERENCE * 
INP! 


TEST TEST 
POINT STROBE OUTPUT OUTPUT STROBE POINT 
A A A B 8 B 


0 
OIFFERENTIAL 
INPUT A 


o 
DIFFERENTIAL 
INPUT B 6 


——— ——e —— ae 
DIFFERENTIAL REFERENCE DIFFERENTIAL 
INPUT A INPUT INPUT 8 
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MC7528, C7529, MC5528,MC55290 foe 


4 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted. ) 


Power Supply Voltage . : > +7.0 ; 
: , ; VEE -7.0 Vdc 


Power Dissipation ‘by . 575 mW 
Derate above Ta = +25°C : 3.85 mWw°c 
Operating Temperature Range : Ta : % 


MC5528, MC5529 -55 to +125 
MC7528, MC7529 0 to +70 


Storage Temperature Range ae eee | -55 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 V +5%, VEE = 5.0 V £5%, Ta = Tiow# to Thigh# unless otherwise noted.) 


4 MC5529 : MC7529. 
Characteristic : LSS Eee 


Differential Input Threshold Voltage (Ving = +5.0 V, Vip =+Vth) 
(Vee = 15 mV, IL = 16 MA, Vg <0.4 V) MC5528,MC7528. 
MC5529,MC7529 
(Vref = 40 mV, IL = 16 mA, Vo <0.4 V) MC5528,MC7528 
’ MC5529,MC7529 


(Vref = 1 mV, IL = ~400 nA, Vo >2.4 V) MC5528,MC7528 
MC5529,MC7529 

(Vref = 40 mV, tL = -400 WA, Vo >2.4 V) MC5528,MC7528 
; 2 MC5529,MC7529 


Differential and Reference Input Bias Current 
(Vip = Vref = OV, Ving = +5.25 V, Vg = +5.25 V) 

Differential Input Offset Current 
(Vip = Vref = OV, Ving = +8.25.V, Vg = £5.25 V) 

Input Voltage, Logic ‘1°’ . 

(Vip = 40 MV, Vref = 20 MV, Ving = 2.0 V, IL = 400 HA, 
Vs = £4.75 V, VQ >2.4 V) 

Input Voltage, Logic ’’0"’ 

(Vip = 40 MV, Vere = 20 MV, Ving = 0.8 V, IL = 16 MA, 
Vg ='44.75 V, Vo_ <0.4 V) 

Input Current, Logic “1” ‘ 
(Vip = 0 V, Veet = 20 MV, Ving = 2.4 V, Vg = £5.25 V) MC5528,MC5529 
(Vip =0V, Vref = 20 mV, Ving = +5.25 V, MC7528,MC7529 

Vs = £5.25 V) ; : 

Input Current, Logic “0” 

(Vip = 40 mV, Vref = 20 MY, Ving = 0.4 V, Vg = +5.25 V) 

Output Voltage, Logic ‘1" 

(Vip = 40 MV, Vref = 20 MV, Ving = 2.0 V, IL =-400 WA, Vg = 44.75 V)' 

Output Voltage, Logic ‘0 : 

(Vip = 40 mV, Vre¢ = 20 mV, Ving = 0.8 V, IL = 16 MA, Vg = £4.75 V) 

Short-Circuit Output Current aa 

(Vip = 40 mV, Vref = 20 MV, Ving = +5.25 V, Vg = £5.25 V) - 

Vcc Supply Current 
(Vip = Ving = 0 V, Vref = 20 mV, Vg = £5.25 V) 

Vee Supply Current 
(Vip = Ving = OV, Vref = 20 mV, Vs = 5.25 V) 


@ For 0°C <T, <70°C operation; electrical characteristics for MC5528 and # Tlow = 55°C for MC5528, MC5529, 0°C for MC7528, MC7529 
MC5529 are guaranteed the same as MC7528 and MC7529 respectively. Thigh-= +125°C for MC5528, MC5529; +70°C for MC7528, Mc7529 
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! 


-MC7528, MC7529 , MC5528, MC5529 


ELECTRICAL CHARACTERISTICS (Voc = +5.0 V +5%, Veg = -5.0 V £5%, Ta = +25°C unless otherwise noted.) 


- MC5528 _ MC7528 
Mc5529 MC7529 


Typ 


Characteristic 
AC Common-Mode Input Firing Voltage 
(Vref = 20 MV, Ving = 5.0 V} 
Propagation Delay Time, Differential Input to Logic ‘’t’’ Output tPLHD 
(Vref = 20 mV) ; 
Propagation Delay Time, Differential Input to Logic ‘’0’’ Output tPHLD 
(Vea¢ = 20 mV) 
Propagation Delay Time, Strobe Input to Logic ‘1°’ Output 
(Vref = 20 mV) 


Propagation Delay Time, Strobe Input to Logic “’0’’ Output tPHLS 
(Vref = 20 mV): : 


VcCMF oe 
+2. 


N 
oa 


3 . 
N 


“tPHLS 


wo 
o 


NQ 


N 
°o 


Overtoad Recovery Time, Differential Input 


Overload Recovery Time, Common-Mode Input * M 
Minimum Cycle Time : 


@ Positive current is defined as current into the referenced pin. 
@ Pin 1 to have 2100 pF capacitor connected to ground. 
@ Each test point to have $15 pF capacitive load to ground. 


aa 
Po) 


\ 
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ORDERING INFORMATION _ 
Device Temperature Range Package 


MC5534L. —55°C to +125°C Ceramic DIP 
MC5535L —55°C to +125°C Ceramic DIP 
MC7534L 0°C to +70°C Ceramic DIP 
MC7534P 0°C to +70°C Plastic DIP 
MC7535L 0°C to +70°C Ceramic DIP 


MC7535P 0°C to +70°C _ Plastic DIP 


DUAL SENSE AMPLIFIERS 
WITH INVERTED OUTPUTS 


This dual sense amplifier is designed for use with high-speed 
memory systems. Low level pulses originating in the memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 

_ These circuits are identical to the MC7524 except that an additional 
stage has been added to each output gate to provide an inverted 
output. 


Adjustable Threshold Voltage Levels 


High-Speed, Fast Recovery Time 
Time and Amplitude Signal Discrimination 


High de Logic Noise Margin 
1.0 Volt typ 


Good Fan-Out Capability 
Independent Strobing 
Separate Logic Outputs 


Normally High Outputs Accomodate the Wired-OR of © 
Several Sense Amplifiers 


SCHEMATIC DIAGRAM 


0 
REFERENCE * 
INPUT 


BIEFERENTIAL 


_ MDTL and MTTL are trademarks of Motorola inc. 
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mc7534.Mc5534 
M7535, MC5535 


DUAL HIGH-SPEED 

SENSE AMPLIFIER 
WITH 

INVERTED OUTPUTS -— 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 : 


P SUFFIX 
_ PLASTIC PACKAGE 
CASE 648 


STROBE OUTPUT 
A A GND2 


vec 
0 


— Seamed 
DIFFERENTIAL = - REFERENCE OIFFERENTIAL 
INPUT A INPUT. INPUT 8 


© MOTOROLA INC., 1974 : DS 9225 


MC7534, MC7535, MC5534, MC5535 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


Rating 


Differential Input Voltages 


‘Power Dissipation 
Derate above Tp = +25°C 


Operating Ambient Temperature Range 


MC5534, MC5535 
MC7534, MC7535 


Storage Temperature Range 


Characteristic 


Differential Input Threshoid Voltage (Ving = +5.0 V, Vip = +Vih) 
(Vref = 15 mV, Vu = +5.25 V, 1. < 250 uA) MC5534, MC7534 
MC5535, MC7535 
(Vpe¢ =-40 mV, Vi = +5.25 V, 11 <250 uA) MC5534, MC7534 
, : MC5535, MC7535 
(Vref = 15 mV, IL = 20 mA, Vo =<0.4 V) MC5534, MC7534 
MC5535, MC7535 
(Veep = 40 mV, IL = 200 mA, Vo =<0.4 V) MC5534, MC7534 
MC5535, MC7535 
Differential Reference Input Bias Current 
(Vip = Vref =-0 V, Ving = +5.25 V, Vg = 5.25 V) 
Differential Input Offset Current 
(Vip = Vref = 9 V, Ving = +5.25 V, Vg = £5.25 V) 
Input Voltage, Low Logic State 
(Vip. = 40 MV, Vref = 20 MY, Ving = 0.8 V, Vi = +5.25 V, 
Vg = £4.75 V, Ip =<250 uA) 
Input Voltage, High Logic State 
(Vip = 40 MV, Vref = 20 MV, Ving = 2.0 V, I, = 20 mA, 
Vg = £4.75 V, Vo =<0.4 V) 
Input Current, Low Logic State 
(Vip = 40 mV, Vref = 20 MV, Ving = 0.4 V, Vg = £5.25 V) 
Input Current, High Logic State 
(Vip = OV, Vye¢ = 20 MV, Ving = 2.4 V, Vg = £5.25 V) MC5534, MC5535 
MC7534, MC7535 


> 


wo 
oO 
~ 
ol 


> 


> 


~ 


Output Voltage, Low Logic State : 
(Vip = 40 MV, Vref = 20 MV, Ving = 2.0 V, IL = 20 mA, Vg = £4.75 V) 


Output Leak age Current : 
(Vip = 40 mV, Vref = 20 MV, Ving = 0.8 V. VL = 5.25 V, Vg = +£4.75 V) 


Vec Supply Current 
(Vip = Ving = 9 V, Vref = 20 mV, Vg = +5.25 V) 


Vee Supply Current 


. 


= = z 


: ne ¢ 
Bas 
& ‘ 
| 
3 


(Vip = Ving= 0 V, Vref = 20 mV, Vg = +5.25 V) 3 
® For 0°C <Ta< 70°C operation, electrical characteristics for MC5534 and # Tlow = -55°C for MC5534, MC5535, 0°C for MC7534, MC7535 
MC5535 are guaranteed the same as MC7534 and MC7535 respectively. 2 Thigh = +125°C for MCS534, MC5535, +70°C for MC7534, MC7535 


@ Positive current is defined as current into the referenced pin. 
@® Pin 1 to have 2100 pF capacitor connected to ground. 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V +5%, VEE = -5.0 V 45%, Ta = +25°C unless otherwise noted.) 


, 


Characteristic 


AC Common-Mode Input Firing Voltage 
(Vre¢ = 20 MV, Ving = 5.0 V) 


Propagation Delay Time, Differentia! Input to Logic 0’ Output 
(Vref = 20 mV) 


Propagation Delay Time, Strobe Input to Logic "1" Output 
(Veet = 20 mV) 


Propagation Delay Time. Strobe Input to Logic 0’ Output 
(Vre¢ = 20 mV) 


Overload Recovery Time, Differential.input 
Overload Recovery Time, Common-Mode Input , 


Minimum Cycle Time 


(AA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION | 
Device Temperature Range Package 


MC5538L —55°C. to +125°C Ceramic DIP 
MC5539L —55°C to +125°C Ceramic DIP 
MC7538L 0°C to +70°C Ceramic DIP 
MC7538P 0°C to +70°C . Plastic DIP 
MC7539L 0° to +70°C Ceramic DIP 
MC7539P Plastic DIP 


- O°C to +70°C 


DUAL SENSE AMPLIFIERS 
WITH PREAMPLIFIER TEST POINTS 
AND INVERTED OUTPUTS 


This dual sense amplifier is designed for use with high-speed , 


memory systems. Low level pulses originating in the memory are 

- converted to logic levels compatible with MDTL and MTTL circuits. 
These devices are identical to MC5528/MC7528 with the exception 
of the inverted outputs. 


Adjustable Threshold Voltage Levels 


High-Speed, Fast Recovery Time 
Time and Amplitude Signal Discrimination 


High de Logic Noise Margin 
1.0 Voit typ 


Good Fan-Out Capability 

Independent Strobing 

Separate Logic Outputs 

Test Points Available for Strobe Timing 


Inverted Outputs to Accomodate Wired-OR Outputs of 
Several Sense Amplifiers _ 


SCHEMATIC DIAGRAM 


REFERENCE * 
INPUT 


=A aa 
ae i. wae | 
Pye LAL 
1 

ae Brn 
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MC7538, MC5538 


MC 7539, MC5539 


DUAL HIGH-SPEED 
‘SENSE AMPLIFIER 
WITH 
PREAMPLIFIER TEST POINTS 
AND 
INVERTED OUTPUTS 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


SU eee ee 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE | 
CASE 648 
(MC7538 and MC7539 only) 


TEST 


TEST ; 
POINT STROBE. OUTPUT OUTPUT STROBE POINT 
A A A B 8 B 


_— 


— — » VEE 
OMFFERENTIAL REFERENCE OIFFERENTIAL 
INPUT A INPUT INPUT B 


MC7538, MC7539, MC5538, MC5539 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Supply Voltage 


Operating Ambient Temperature Range 


MC5538, MC5539 
MC7538, MC7539 


Vec 
VEE 
Ta 


-55 to +125 
0 to +70 


Power Dissipation 575 mw 
Derate above Ta = +25°C ; 3.85 ; mW°C 


Differential {nput Voltages Vin Or Vref 


mcs538 (1) # MC7538 # 
; MC5539 MC7539 


symboi | win_[ Typ [Wax [Min] Typ [ Max 


Characteristic 


Differential Input Threshold Voltage (Ving = +5.0 V, Vip = £V ith) 

(Vref = 15 mV, VL = +5.25 V, I, <250 uA) MC5538, MC7538 
MC5539, MC7539 
MC5538, MC7538 
MC5539, MC7539 
MC5538, MC7538 
MC5539, MC7539 


MC5538, MC7538 
MC5539, MC7539 


(Vref = 40 mV, Vi = +5.25 V, 1 < 250 uA) 
(Vref = 18 mV, IL = 120 mA, VL <0.4 V) 
(Vref = 40 mV, I = +20 mA, VL <0.4 V) 


Differential and Reference input Bias Current 

(Vip = Veet = 0 V, Ving = +5.25 V, Vg = 5.25 V) 
Differential Input Offset Current 

(Vip'= Veet = 9 V, Ving = +5.25 V, Vg = +5.25 V) 


| Input Voltage, High Logic State . 
(Vip = 40 MV, Vre¢ = 20 MV, Ving = +2.0 V, IL = 20 mA; 
“Vg = +4.75 V, VL <0.4 V} 
; | Input Voltage, Low Logic State 
(Vip = 40 MV, Vreg = 20 mV, Ving = +0.8 V, VL = +5.25 V, 
Vs = £4.75 V, IL << 250 nA) . 
| Input Current, High Logic State 
(Vip = OV, Vref = 20 MV, Ving = 2.4 V, Vg = 45.25 V) MC5538, MC5539 
(Vip = OV, Vref = 20 MV, Ving = +5.25 V, MC7538, MC7539 
Vg = +5.25 V) : : 
Input Current, Low Logic State 
(Vip = 40 MV, Vre¢ = 20 MV, Vins = 0.4 V, Vg = +5.25 V) 
Output Voltage, Low Logic State 
(Vip = 40 MV, Viet = 20 mV, Ving = 2.0 V, IL = 20 MA, Vg = +4.75 V) 


Vcc Supply Current 
(Vip = Ving = 0 V, Vref = 20 mV, V: 


Vee Supply Current . 
(Vip = Ving = 0 V, Vg = +£5.25 V) : 


@ For 0°C <T pa <70°C operation, electrical characteristics for MC5538 and 
MC5539 are guaranteed the same as MC7538 and MC7539 respectively. 


# Tlow = -85°C for MC5538, MC5539; 0°C for MC7538, MC7539 
Thigh = +125°C for MC5538, MC5539; +70°C for MC7538, MC7539 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V £5%, Veg = -5.0 V +5%, Ta = +25°C unless otherwise noted.) 


Characteristic 
AC Common-Mode Input Firing Voltage 
(Vre¢ = 20 MV, Ving = 5.0.V) : 
Propagation Delay Time, Differential Input to Logic ‘1°’ Output 
(Vreg = 20 mV) : 


Propagation Delay Time, Differential Input to Logic “0” Output 
(Vref = 20 mV) : . 

Propagation Delay Time, Strobe Input to Logic ‘1’ Output 
(Vref = 20 mV) : 


Propagation Delay Time, Strobe tnput to Logic “O" Output 
(Veep = 20mV) . 7 


Overload Recovery Time, Differential Input - 


Overload Recovery Time, Common-Mode Input 
Minimum Cycle Time © 


@) Positive current is defined as current into the referenced pin. (@) Pin 1 to have 2100 pF capacitor connected to ground. 


@ Each test point to have <15 PF capacitive load to ground. 


va 


(AA) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC8T13L 0°C to +75°C _ Ceramic DIP 
MC8T13P_. O°c to +75°C Plastic DIP 
MC8T23L O°C to +75°C Ceramic DIP 
MC8T23P 0°C to +75°C Plastic DIP 


DUAL LINE DRIVERS 


The MC8T13 and MC8T23 are designed to drive transmission 
lines with impedances of 50 Q to 500 2. The MC8T23 specifically 
meets all of the input/output requirements of the IBM System 
360/System 370 specifications (IBM Specification GA 22-6974-0). 


High Output Drive Capability - 
19 = -75 mA (Min) @ Vo = 2.4 V — MC8T13 
IQ = -59.3 mA (Min) @ Vg = 3.11 V — MC8T23 
High Speed Operation — 
tPLH = tPHL = 20 ns (Max) with 50 Q Load 
MTTL and MDOTL Compatible Inputs 
Uncommitted Emitter Output Structures Permit Party-Line 
Operation 
Designed to Operate with MC8T14 or MC8T24 Line Receivers 
Outputs are Short-Circuit Protected 


@ Equivalent to SN75121 and SN75123 Respectively. 


TYPICAL APPLICATION 


1/2 MC8T13 
or ; 
1/2 MC8T23 


1/3 MC8T14 
; or 
Coaxial 1/3 MC8T24 
_ Cable 
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MCST13 
MC8T23. 


‘DUAL LINE DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


16 
- 1 (top view) 
Serer rarer” 

1 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


TRUTH TABLE 


1 ]2] 3] 4] 5] 6 | Output]. 
HE HP HHI x} x 
“IXEXTX|XPHEH 
All Other 
Combinations 
H = High Logic State 


L = Low Logic State 
X= irrelevant 


MC8T13, MC8T23 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) _ 


Power Supply Voltage 


Output Voltage 


: Vde ) 
Derate above 25°C 6.7 mw/°C 
| 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, 4.75 V <Vcc <5.25 V and 0°C <Tp < 75°C) 


; ; MC8T13 MC8T23 
Characteristics Symbot : 


| min | typ | Max | min | typ | Max | 
Input Voltage — Low Logic State ee 


Input Current — High Logic State 
(Vip = 4.5 V) 


(Vin = 5.5 V, Voc = 5.0 V) 


Input Clamp Voltage Vi(clamp) 
(1) =-12 mA, Vcc = 5.0 V) 
IOH 


Output Voltage —- High Logic State 
(Vin = 2.0 V, lon = -75 MA) 
- (Voc = 5.0 V, Vip = 2.0 V, Igy = -59.3 mA) 
{Ta = 25°C) 


Yn N 
parame) ° 


Output Current — High Logic State | 

(Vin = 4.5 V, Vcc = 5.0 V, Vg = 2.0 V, Ta = 25°C) 

} Output Current — Low Logic State 

(Vic = 0.8 V,Vo = 0.4 V) 

(Vit = 0.8 V, Vo = 0.15 V) 

Output Reverse Leakage Current — Low Logic State 
(Vit =OV,Vo=3.0V) 

(Vi_ =0V,/Vo = 3.0 V, Vec = OV) 

Output Short-Circuit Current los 
(Vin = 4.5 V, Voc = 5.0 V, Vg = OV, Ta = 25°C) 


| Power Supply Currents 
(lo = OmA) : 
Outputs — Low Logic State, Vj, = 0.8 V 


Outputs — High Logic State, Vjp,y = 2.0 V 


£ 

° 

3 

dy N NS 

3} 3 2 
Teir r 


‘ 
a 
Qo 


SWITCHING CHARACTERISTICS (Vec = 5.0 V, Ta = 25°C unless otherwise noted.) Figure 


Characteristic , 


Propagation Delay Time — Low to High Level Output 
(RL = 37.2,Cz. = 15 pF) 
(Ry = 37 2, C_ = 1000 pF) 
(Ry = 502, Cy = 15 pF) 
(RL = 50 2, Cy = 100 pF) 


lo) om 


{Propagation Delay Time — High to Low Level Output 
(RL = 372, Cy = 15 pF) 
(Ry = 372, C_ = 1000 pF) 
(RL = 502, C_ = 15 pF) 
(RL = 50 2, Cy = 100 pF) 
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MC8T13, MC8T23° 
; FIGURE 1 ~ SWITCHING TEST ciRCUIT AND SEGRE 


To Scope . To Scope - + trl S5.0 ns tTHL <5.0ns 
(Input) é (Output) 3V : 


Input 
Ov 
VOH 


Pulse 


Generator Output 


*CL 


“CL Includes Jig 
Capacitance = 


' Input Pulse Width 
200 ns, 50% Duty Cycle 


FIGURE 2 — REPRESENTATIVE SCHEMATIC DIAGRAM 
(1/2 Shown) 


Inputs 


FIGURE 3 — TYPICAL OUTPUT CURRENT 
versus OUTPUT VOLTAGE 


Ig, QUTPUT. CURRENT (mA) 


ie ae 
| on | 
ASS 
ae | ee 
|i 
eae il 
pa |e 
ie 
ae | 
[| 


so 1.0 2.0 30 4.0 5.0 
Vg. OUTPUT VOLTAGE (VOLTS) 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC8T14L 0°C to +75°C - Ceramic DIP 
MC8T14P 0°C to +75°C Plastic DIP 
MC8T24L 0°C to +75°C Ceramic DIP 


MC8T24P 0°C to +75°C Plastic DIP 


TRIPLE LINE RECEIVERS WITH HYSTERESIS 


... specifically designed to meet the input/output specifications for 
IBM 360/370 Systems (IBM specification GA 22-6974-0). Each 
receiver incorporates hysteresis to provide high noise immunity and 


also high input impedance to minimize loading on the related driver. - 


Each Channel Can Be Independently Strobed 

High Speed — tp_y = tpHL = 20 ns 

Input Gating Provided on Each Line 

Operates on a Single +5.0 V Power Supply 

Fully Compatible with MTTL or MDTL Logic Systems 
Input Hysteresis Results in High Noise Immunity. 


TYPICAL APPLICATION 


1/2 MC8T13 
or 
1/2 MC8T23 


1/3 MC8T 14 
2 or 
- Coaxial 1/3 MC8T24 
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McsTi4 
Mest 24 


TRIPLE LINE RECEIVERS 
WITH HYSTERESIS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


16 


: (top view) 
cd oo 


1 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 © 
P SUFFIX 


PLASTIC PACKAGE 
CASE. 648 


PIN CONNECTIONS 


Gate 


Input 1A 


Gate 


Input 2A 


Receiver 


Strobe 
Input Cc 


Receiver | 
input C 


L = Low Logic State 
H = High Logic State 
X = Don't Care 


-MC8T14,.Mc8T24 


[Value 
Receiver Input Voltage 
(Vcc = 0) 6.0 
[Strobe or Gate Input Voltage spor) | Ve 
ptt00 
6.7 


c 


mA 


Qa 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above 25°C 


Derate above 25°C . : mw/°c 
ore fain | 
175 : 
Plastic Package 150 


Ceramic Package 
Operating Ambient Temperature Range - ; 0 to +75 
MC8T24 


co?) 
~ 


Storage Temperature Range -65 to +150 


Gate or Strobe Input Voltage — High Logic State ViHIG) or (S) 


m 
r 
m 
QO 
=| 
z 
ie) 
> 
Laos 
iv) 
= 
> 
a 
> 
Q 
| 
m 
2 
”n 
= 
3) 
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& 
3 
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& 
° 
> 
g 
2. 
8 
3 
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® 
2. 
> 
~ 
or 
NN 
< 
QO 
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A 
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a 
< 
o 
3 
a 
oO 
° 
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MN 
+ 
> 
ala 
~s 
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2 


ie) 
a 
= 
P.) 


Gate or Strobe Input Voltage — Low Logic State ViIL(G) or (S) 
Receiver Input Voltage — High Logic State ; VIH(R) | 


Receiver Input Voltage — Low Logic State VIL(R) 


Receiver Input Hysteresis (1) : VHIR) 
(Voc = 5.0 V, Ta = 25°C, Vit (Gg) = 9 Vinis) = 4.5 V) 


| input Clamp Voltage Vicia) or (s) # 
(Vcc = 5.0 V, Ty = 25°C, t) = -12 mA) (Strobe or Gate Inputs) 


Input Breakdown Voltage Vite) or (S) 
(Voc = 5.0 V, 1) = 10 mA) (Strobe or Gate Inputs) : : 


Receiver Input Current — High Logic State — 


(ViniR) = 3.8 V) 
'WH(G) or (S) 


(Vin(m) = 3.11 VY) 
NL(G) or (S) 
VOH 


[=] 
w 


< 

x] 
1;2 
4s 


= 
or 


= 
oa 


(Vin(R) = 7:0 V)4 
“{ViHiR) = 6.0 V, Voc = 0 V) 
Gate or Strobe Input Current — High Logic State 
(Vinis) = 4.5 V. Vin(R) = 3-11 V) | 
(ViHiG)=4.5V) - 
Gate or. Strobe Input Current — Low Logic State 
(VILIG) or (S) = 9.4 V, ViL(R) = OV) 
Output Voltage — High Logic State 
(ViH(R) = 2-0 V. Vin(s) = 2.0 V, Vit (G) = 0.8 V, 1oH = -800 HA) 
(ViH(R) = 0.8 V, ViL{s) = 0.8 V, ViL(G) = 0.8 Vi Ion = -800 nA) 
(Vin(R) = 1-7 V, ViH(s) = 2-0 V,ViL(G) = 0.8 V. 1OH = -800:HA) 
~ (ViHiR) = 0.7 V, Vit(s) = 0.8 V, Vit(G) = 0.8 V, IoH = -800 LA) 
Output Voitage — Low Logic State ‘ 
(ViL(R) = 9.8 V, Vin(s) = 2-0 V, ViL(G) = 0.8 V, Io = 16 mA) 
(ViL(R) = 9.8 V, Vi_(s) = 0.8 V, Vin(G) = 2-0 V, lor = 16 mA) 
(ViL(R) = 9.7 V, Vins) = 2.0 V. ViL(G) = 0.8 V, IoL = 16 mA) 
(Victim) = 9.7 V. ViL(s) = 9.8 V, Vin(G) = 2-0 V. lot = 16 mA) 
Output Short-Circuit Current (2) . . 
(ViH(R) = 3-8 V, ViL(G) = OV, Vitis) = 9. Voc = 5.0 V, Ta = 25°C) 
(Vin(R) = 3-11 V, ViL(G) = OV. ViL(s) = OV, Voc = 5.0 V, Ta = 25°C) 


Power Supply Current 
(Vcc = 5.25 V, Tp = 25°C) . 


(1) The Input Hysteresis is defined as the difference the input voltage at which the output begins to go from the high logic state to the low logic 
state and the input voltage which causes the output to begin to go from the tow logic state to the high logic state. . 


40 


\ [o) = 
ON “ 
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: xo] 


EC 
o 


~ 
En 


(2) Only one output may be shorted at a time. 
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MC8T14,MC8T24 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


< . MC8T14, MC8T24 
Parameter ; 


. | Propagation Delay Time — Receiver Input to High Logic State Output tPLH(R) Fo | 
Propagation Delay Time Strobe Input to High Logic State Output tPLHIS) Po | 


i 

Propagation Delay Time Receiver Input to Low Logic State Output tPHLIR) i ee 
Propagation Delay Time Strobe Input to Low Logic State Output tPHL(s) RS 

‘| Propagation Delay Time Gate Input to High Logic State Output ; tPLH(G) aes eas 


Propagation Detay Time Gate Input to Low Logic State Output tPHL(G) 


FIGURE 1 — RECEIVER PROPAGATION DELAY TIMES tpi j4(R) and tpH_(R) TEST CIRCUIT AND WAVEFORMS 


To Scope 


To Scope 
(Input) (Ousputh” ae « tTLH < 5.0ns tTHL <5.0ns 
2.6 
input 
Ing16 $84.5 & 
or equiv 
VOH 
Pulse Output 
Generator VoL 
tPHL(R) 
~ = Input Pulse Width = 200 ns 
Duty Cycle = 50% 
FIGURE 2 — GATE AND STROBE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
‘ To Scope 
To Scope 
To Scope . (Gace) tide eRe 26V 
(Strobe) 5 5 


1N916 $84.5 
or equiv 


’ Pulse 
Generator 


Pulse : = 
Generator 


Strobe 
input 


Gate 
Input 


tPHL(S) 
1.5V 15V 


Output 


Input Pulse Width = 200 ns 
Duty Cycle = 50ns 
trLH = trHL <= 5.0ns 
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MC8T14,MC8T24 |. 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTIC _ _FIGURE 4 — HYSTERESIS TEST CIRCUIT 


Vee =5.0V 


Curve Tracer 
- Receiver Tektronix 575 or equiv 


| || dl tae asne 
— WORST-CASE Vee = 5.0V 
SPECIFIED HYSTERESIS = 
= Evy | 


Va, OUTPUT VOLTAGE (VOLTS) 


0 05 0.7 1.0 16 (1.7 2.0 2.5 
V|, INPUT: VOLTAGE (VOLTS) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
° Vcc : O Strobe Input 


aE 


1/3 Shown 


Receiver input O 


tiie 


intel 


: Inputs 


O Output 
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ORDERING INFORMATION 


Device Temperature Range Package — 
MC55107L_ —55°C to +125°C Ceramic DIP 


Neel (yee eee: een Oe MC75107 MC55107 
oe eee a MC75108 MC55108 


MC75108P 0°C to +70°C Plastic DIP 


DUAL LINE RECEIVERS 


The MC55107/MC75107 and MC55108/MC75108 are MTTL compatible dual 
line receivers featuring independent channels with common voltage supply and 


DUAL LINE RECEIVERS 


ground terminals. The MC55107/MC75107 circuit features an active pull-up 
(totem-pole) output. The MC55108/MC75108 circuit features an open-collector 
output configuration that permits the Wired-OR logic connection with simitar 
outputs (such as the MC5401/MC7401 MTTEL gate or additional MC55108/ 
MC75108 receivers). Thus a level of jogic is implemented without extra delay. 

The MC55107/MC75107 and MC55108/MC75108 circuits are designed to 
detect input signals of greater than 25 millivolts amplitude and convert the po- 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


larity of the signal into appropriate MTTL compatible output logic levels. ’ 


High Common-Mode Rejection Ratio 

High Input Impedance 

High Input Sensitivity 

Differential Input Common-Mode Voltage Range of +3.0 V 

Differential Input Common-Mode Voltage of More Than +15 V 
Using External Attenuator 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 

TO-116 © 


Strobe Inputs for Receiver Selection 


Gate inputs for Logic Versatility 
MTTL or MDTL Drive Capability 
High OC Noise Margins 


(MC75107 MC75108 only) 


CIRCUIT SCHEMATIC 


INPUTS OUTPUT .STROBE 
28 2¥ 26 


a& OUTPUT 
o 1Y 


OUTPUT STROBE STROBE GND 
1¥ 1G 


STROBE 


INPUTS STROBES OUTPUT 
A-B Y 


~26.mV ~~ Vip~25 my 


2A 0+ 
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MAXIMUM RATINGS (Ta = Tlow’ to Thigh” untess otherwise notedi 


Strobe Input Voltage 
Power Dissipation (Package Limitation) 


Plastic and Ceramic Dualt-in-Line Packages 
Derate above Ta = +25°C 


Operating Ambient Temperature Range ' 
MC55107, MC55108 . -55 to +125 
MC75107, MC75108 Oto +70 


Storage Temperature Range 


RECOMMENDED OPERATING CONDITIONS 


aa 
Characteristic Symbol T Typ Min | Typ | Max] 
ie -45 | -50 | -55 | -4.75 | -50 | -5.25 
ieee CORE IED , 
ee EC 
Input Volage Range, any differential input to ground Ee ae ee Pesach a] . Vde 
DEFINITIONS OF INPUT LOGIC LEVELS 
Characteristic . Symbol 


High-Level Input Voltage (between differential inputs) 0.025 


Low-Level Input Voitage (between differentia! inputs) aS ~5.0t 


0.025 
High-Level Input Voitage (at strobe inputs) 
Low-Level Input Voltage (at strobe inputs) 


nN 
° 


tThe algebraic convention, where the most positive limit is designated maximum, is used with Low-Level input Voitage Level (Vjp_) 


ELECTRICAL CHARACTERISTICS (Ta = Tiow* to Thigh” unless otherwise noted) 


High-Level Input Current to 1A or 2A Input 
(Voc = Max, Veg = Max, Vip = 0.5 V, Vic =-3.0 V 
to +3.0 V) t 
Low-Level input Current to 1A or 2A Input 
(Vcc = Max, Veg = Max, Vip =-2.0 V, Vic =-3.0V 
to +3.0V) t+ 
High-Level Input Current to 1G or 2G Input. 
(Voc = Max, Veg = Max, Vin(s) = 2.4 Vt 
(Voc = Max, Veg = Max, Vin(s) = Voc Max) 
Low-Level Input Current to 1G or 2G Input 
(Vcc = Max, Veg = Max, Vitis) = 0.4 VIE 
High-Level input Current to S Input 
(Voc = Max, Veg = Max, Vinq(s) = 2.4 V)E 
(Vcc = Max, Veg = Max, Vin(s) = Voc Max) ¢ 


E-4 
ie) 
o 
a 
ab 
= 
= te) 
wd 
r=) 
= 
9) 
a 
a 
—_ 
3 
# 
= 
Q 
J 
g 
3 
@ 


= 


3 


t .~ r 
i EE Sa le 


Low-Levet Input Current to S Input 
(Voc = Max, Veg = Max, Vit(s) = 0.4 V)t 


mA 


High-Level Output Voltage 

(Voc =.Min, Veg = Min, ligag = ~ 400 nA, 
Vic =-3.0 V to +3.0 V)¢ | 
Low-Level Output Voltage 

(Vcc = Min, Veg = Min, lsink = 16 MA 
Vic =-3.0 V to +3.0 VIE 
High-Level Leakage Current 
(Vcc = Min, Veg = Min, Vou = Voc Max) t 
Short-Circuit Output Current # # 
(Voc = Max, Veg = Max) 


Ww 
t No - ~ 
~ = 
a 
do No we 
nN] oe a 
< 


High Logic Level Supply Current from Vcc lécH: ™m 
(Voc = Max, Veg = Max, Vin = 25 mV, Ta = +25°C) t 

High Logic Level Supply Current from Veg 
(Voc = Max, VEE = Max, Vip = 25 mV, Ta =+25°C) + 


tFor conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the BepHeaars device. type. 
#AN typical values are at Voc = +5.0 V, Veg = -5.0V, Ta = +25°C. 
 # #Not more than one output should be shorted at a time. 
*Tiow = 55°C for MC55107 and MC5§5108, . Thigh * +125°C for MC55107 and MC55108 
= 0 for MC75107 and MC75108 = +70°C for MC75107 and MC75108 
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MC75107, MC55107, MC75108, MC55108 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Veg = -5.0V, Ta = +25°C) 


| __cnwniis | sys | er Pie ry 
Propagation Delay Time, low-to-high level from tPLH(D) 
differential inputs A and B to output 

(Ry = 390 2, CL = 50 pF) 17 

(Ry = 390 Q, Cy = 15 pF) = 
Propagation Delay Time, high-to-low level from tPHL(D) . 
differential inputs A and B to output 

(Ry, = 390 2, CL = 50 pF) 17 

tPLH(S) E 

tPHL(S) 


(Ry = 390 2, CL = 15 pF) ; 
Propagation Delay Time, low-to-high level, from strobe 
TEST CIRCUITS . 
FIGURE 1— VipH and Vint FIGURE 2 — Nyy and ty 


= 
QO 
a 
g 
z 
iv] 
J 
g 
= 
Q 
a 
a 
8 
FS 
QO 
“I 
a 
3 
© 


input G or S to output 
(RL = 390 Q, Cy = 50 pF) 
(Ry = 390 Q, CL = 15 pF) 


Propagation Delay Time, high-to-low level, from strobe 
input G or S to output 

(Ry = 390 Q, CL = 50 pF) 
(RL = 390 2, Cy = 15 pF) 


vec 2G" s 1s VEE OPEN 


Vee Gs id 


a 


VEE 


g NOTE: Each pair of differential inputs is tested 
NOTE: When testing one channel, the inputs of separately. The inputs of the other pair 
the other channel are grounded. are grounded 


FIGURE 3 — Vins). ViLis). YOH. VOL. and fou 


Vins) See 


. Vans) Table 


TEST TABLE 


+25 mV 
-25 mV 


| +25 mv | 
25 mv | 


NOTES: 1. Vic = -3.0 V to +3.0V. 


2. When testing one channel, the inputs of the other channel 
should be grounded. 


5-271 


MC75107, MC55107, MC75108, MC55108 


_ TEST CIRCUITS (continued) 


FIGURE 4 — Uy). HLIG)- eH(s)-and INL (s) 


NHS) 


NOTES: 1. Each channel is tested separately. 
2. Not more than one output should be tested at one time. 


a 
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FIGURE 6 — Icc and leg 


Vec+ 


VEE 


TEST CIRCUITS (continued) 


FIGURE 7 — PROPAGATION DELAY TIME TEST CIRCUIT 
AND WAVEFORMS Z 


VEE ‘ 
DIFFERENTIAL a sues 
INGUT eo zi MC55107 
MC75107 


PULSE | 
GENERATOR 


50 pF 
See Note 3 


See Note 1 | 


See Note 4 


OUTPUT 


MC55108 
CL MC75108 
* ao 
15 pF 
STROBE See Note 3 
INPUT 
See Note 2 25 
PULSE = = 
GENERATOR ; 
See Note 1 


INPUT 
2 
I 
J 
al 
j 
STROBE j I 
INPUT | \ 
Goars H 
| | 
| fe teHLipD) sd; + ov 
‘ tPLH(D) ye a | | ; 
1 1 tunis) ——{ em} ee 'PHL(S) 
< ! | Chae VOH 
OUTPUT | er 
R : : ; : 
VoL 


NOTES: 1. The pulse generators have the following characteristics: Zq = 5022, te = te = 1045 ns, to1= 500 ns, PRR = 1 MHz 
to2 = 1 ms, PRR = 500 kHz. ‘ 
2. Strobe input pulse is applied to Strobe 1G when Inputs 1A-1B are being tested, to Strobe S when Inputs 1A-1B or 2A-2B 
. are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 


3. Cy includes probe and jig capacitance. 
4. All diodes are 1N916 or equivalent. 


TYPICAL APPLICATION 


FIGURE 8 — MOS-TO-TTL TRANSLATOR 


+5 V 


1/2 MC75107 OR MC75108 


MOS MEMORY] OUT 


TRANSLATED 
DATA OUT 


= 


STROBES 


ORDERING INFORMATION 


Device Temperature Range Package 


MC75110L — 0°C to +70°C Ceramic DIP 
MC75110P 0°C to +70°C Plastic DIP | 


DUAL LINE DRIVER 


The MC75110 dual line driver features independent channels 
‘with common voltage supply and ground terminals. Each driver 
circuit provides a constant output current that switches to either 
of two output terminals subject to the appropriate logic levels at the 
input.terminals. Output current can be switched “off” (inhibited) by 
appropriate logic levels at the inhibit inputs. Output current is 
nominally 12 mA. : 


The inhibit’ feature permits use in party-line or data-bus applica- 

. tions. A strobe or inhibitor, common to both drivers, is included to 

increase driver-logic versatility. With output current in the inhibited 

mode, IQ(off), is specified so that minimum line loading occurs when 

the driver is used in a party-line system with other drivers. Output 

impedance of the driver in inhibited mode is very high (the output 
impedance of a transistor biased to cutoff). 


All driver outputs have a common-mode voltage range of -3.0 volts 
to +10 volts, allowing common-mode voltage on the line without 
affecting driver performance. , 


Insensitive to Supply Variations Over the Entire Operating Range 
MTTL Input Compatibility 
Current-Mode Output (12 mA typical) 
High Output Impedance 
High Common-Mode Output Voltage Range (-3.0 V to +10 V} 
_ Inhibitor Available for Driver Selection 


INHIBIT 
- INPUT 
OUTPUTS ~—— OUTPUTS 
Voc 1Y 12 VEE D 22 2Y 


DUAL LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX . 
CERAMIC PACKAGE 
CASE 632 
(TO-116) 


P SUFFIX _ 
PLASTIC PACKAGE 
CASE 646 


TRUTH TABLE 


LOGIC INPUTS INPUTS OUTPUTS 


Low output represents the “‘on’”’ state. 
High output represents the ‘‘off” state. 


1A 18° 1C 2C 2A 28 GND 
LOGIC INHIBIT LOGIC 
INPUTS INPUTS INPUTS 


mr ATA 


MC75110 


MAXIMUM RATINGS (Ta = Oto +70°C unless otherwise noted.) 


ee ee ee 
Power Sibel Voltages +7.0 Volts. 

(See Note 1) ie -7.0 
| Logic and Inhibitor input Voltages Vin Volts 

(See Note 1) 

Common-Mode Output Voitage Range VocR -5.0 to +12 Volts 

(See Note 1) 
Power Dissipation (Package Limitation) . 

Plastic and Ceramic Dual in-Line Packages 1000 

Derate above Tp -= +25°C 3.85 nic 


Storage Temperature Range 
Ceramic Dual In-Line Package _  -65 to +150 
Plastic Dual In-Line Package ; ; _ +65 to +150 


RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2.) 


Se 


Power Supply Voltages ~ Vee +4.75 ,+5.0 +5.25 Volts 
{. : VEE _ 74.75 -5.0 ~§.25 


Common-Mode Output Voltage Range 
Positive 
Negative 


Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When using only one channel of the tine drivers, the other channel should be 
inhibited and/or its outputs grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* ; 
De Carat eee | eee De 
ae ae ae oe Vc ro 


Low-Level Input Voltage (at any input) 


* The algebraic convention, where the most positive limit is designated maximum, is used with 
Logic Level Input Voltage Levels only. 
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MC75110 —— oo ; 


ELECTRICAL CHARACTERISTICS (Tp = 0 to +70°C unless otherwise noted.) 


MC75110 
a ee eee 


High-Level Input Current to 1A, 1B, 2A or 2B 


(Voc = Max, Veg = Max, Vin, = 2.4 VIF 
(Vcc = Max, Veg = Max, Vin, = Voc Max) 


[Low-Level Input Current to 1A, 1B, 2A or 2B 
(Vcc =Max, VEE = Max, Vi Ly = 0.4 V) 
High-Level |nput Current into 1C or 2C 
(Voc = Max, Veg = Max, Vip, = 2.4 V) 
(Voc = Max, Veg = Max, Vin, = Voc Max) 


Low-Level Input Current into 1C or 2C 

(Voc = Max, Veg = Max, Vit, = 0.4 V) 
High-Level Input Current into D 

(Vcc = Max, Veg = Max, Vin, = 2.4 V) 

(Vcc = Max, Veg = Max, ViH, = Vcc Max) 
Low-Level Input Current into D 

(Vcc = Max, Veg = Max, ViL, = 0.4 V) 
Output Current (‘‘on’’ state) 

(Vcc = Max, Veg = Max) 

(Voc = Min, Veg = Min) 


Output Current (“‘off” state) loloff) 
(Vcc = Min, Veg = Min) 
Supply Current from Vcc (with driver enabled) lecion) ; 
(Vit, = 0.4 V, Vit, = 2.0 v) . 28 35 
Supply Current from Veg (with driver enabled) mA 
(Vit = 0.4 V, Vi, = 2.0 Vv) 
Supply Current from Vcc (with driver inhibited) | Iccloff) mA 
. (Vitp = 0.4 V, Vity =0.4 V) 21 
‘ Supply Current from Veg (with driver inhibited) | lEE (off) 
(Vit, = 0.4 V. Vit, = 0.4 V) -17 


#A\l typical values aré at Vcc = +5.0 V, Veg = -5.0 V. 
##For conditions shown as Min or Max, use the appropriate value specified under recommended 
operating conditions for the applicable device type. 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C.) 


Propagation Delay Time from Logic Input A or B to 
Output Y or Z (R_ = 50 ohms, CL = 40 pF) 


Propagation Delay Time from Inhibitor !nput C or D 
- to Output Y or Z (R,_ = 50 ohms, C,_ = 40 pF) 


R.97R& 


MC75110 


TEST CIRCUITS 
FIGURE 17 — Vig, Vic. tip, and Ye 


OUTPUTS 


; TEST TABLE 
LOGIC INPUT | NOT UNDER TEST INPUTS 1Y or 2Y 1Z or 22 
H L 
; 
(See Note 1) (See Note 1) 


NOTES: 1. Low output represents the ‘‘on”’ state, high output represents the “off’’ state. 


2. Each input is tested separately. 
3. Arrows indicate actual! direction of current flow. 


FIGURE 2 — Vin, Vin. WH. ie 


OUTPUTS 


INHIBITOR INPUT INPUTS NOT UNDER TEST TY or 2Y 1Z or 22 
a HiSee Note 


45v : 


MC75110 


TEST CIRCUITS (continued) 


FIGURE 3— !o(on) and Io (off) 


OUTPUTS 


VIH 
Vin 


Arrows indicate actual direction 
‘ . = of current flow. 


TEST ; 
Ground all output pins 
not under test. 


INHIBITOR INPUTS 
1C or 2C 


ae 
ee 


at output 
'Ofon) 1Z or 2Z VIH 


at output 
'O(off) 1Z or 2Z 


at output 
1Y¥,2Y,1Z,0r 22 


= 
= 


| lo(off) 


TEST TABLE 


ee 
INPUTS | INPUTS 

[Seca — oneauner| va ss 

Driver inhibited . 
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MC75110 _ a 


TEST CIRCUITS (continued) 


FIGURE 5 — PROPAGATION DELAY TIMES TEST CIRCUIT AND WAVEFORMS 


Pulse 


Y 

Generator 

#1 CL 

40 pF 
d 

Pulse 

Generator = OUTPUT, 
#2 O 


D 11 +o OTHER 
LV CHANNEL 


INHIBITOR 
INPUT 


L 8 
(la 


LOGIC 3V 
INPUT 
AorsB 
OV 
INHIBIT ey 
LNPUT 
Cord : Ov 7 
tPLH(L) tPLH(IN) tPHL(IN) 
tPHL(L) 
at 5 off 
OUTPUT 
Y 
on 
foeencenereeenisintimnt mmrnenresnsrmesnamemcnmeeerramrmenvaraeie (5 ff 
OUTPUT 
a on 
tPHL(L) 


TPLH(L) 


NOTES: .1. The pulse generators have the following characteristics: 29 = 50 92, t, = tg = 1045 ns, to1= 500 ns, PRR = 1 MHz, 
tp2 = 1 ms, PRR = 500 kHz. : 2 
2. Cz includes probe and jig capacitance. 
3. For simplicity, only one channel and the inhibitor connections are shown. 
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ORDERING INFORMATION 


Device Temperature Range Package © 
MC75140P1 ==: O°C to +70°C Plastic DIP 


—-MC75140 


DUAL LINE RECEIVER 


The MC75140P 1 is a dual line receiver with common Strobe and DUAL 
Reference inputs. The Reference voltage is externally applied. This LINE RECEIVER 
voltage may range from 1.5 to 3.5 volts, thus allowing for adjust- : 
ment of maximum noise immunity in a given system design. The MONOLITHIC SILICON 
MC75140P1 is intended for use as a single-ended receiver in MTTL INTEGRATED CIRCUIT 
systems. Use in a party-line (bus-organized) system is aided by the 
low input current of the receiver. 


@ Single +5.0-Volts Power Supply 
+100-mV Sensitivity : 
Low Input Current 
MTTL Compatible Outputs 
Adjustable Reference Voltage 


{top view) 


Common Output Strobe : 


CIRCUIT SCHEMATIC 
(1/2 Circuit Shown) 


PLASTIC PACKAGE 


| CASE 626 
15k: : : 
INPUTS ~ ; 
35 470 


PIN CONNECTIONS 


6. ‘ 
: Vcc OUTPUT REF, LINE 
REFERENCE (INPUT INPUT 2 
INPUT : 


2 & STROBE 
INPUT 


TYPICAL APPLICATION 
HIGH FAN-OUT FROM A STANDARD MTTL GATE 


© STROBE INPUT 
QUTPUT STROBE LINE GND 
1 INPUT INPUT 1 


MC5400 OR 
MC7400 s, ; FUNCTION TABLE 


LOGIC 
LINE INPUT | STROBE | OUTPUT 


6 STROBE INPUT ; : Positive Logic 
: : H = High Level, L = Low Level, 
*Most MC5400/MC7400 devices are capable of maintaining X = Nonsignificant : 
a 2.4-volt level under loads up to 7.5 mA, : 
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MC75140 | : 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Rating a 
Supply Voli ; 
Line Input Voltage (with respect to Ground) ; 

peebelwnt Vole 


Power Dissipation (Package Limitation) 

Plastic Dual In-Line Package 830 _ mW. 

Derate above Ta = +25°C pw mw /°C 
RECOMMENDED OPERATING CONDITIONS : 

[Nem [Mex [Unit] 

Power Supply Voltage | Veco | 45 | 50 | 55 | Volts | 
Reference Voltage Range Vera] 78 | - | 35 | vors | 
Input Voltage Range (Line or Strobe) - rove {| oo [| - | 55) |] Volts | : 
Operating Ambient Temperature Range | tT | 0 | - |[ +70 | % 
V 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V £10%, Vref = 1.5 to 3.5 V, Ta = 0 to +70°C unless otherwise noted.) 
; Characteristic T-Symbot [Min] Tye? [Wax] Una 


Low-Level Line Input Voltage = ~ VIL(L) Vref - 100 mV- 


High-Level Strobe Input Voltage : eee Volts. 

Low-Level Strobe Input Voltage : | O08 | Voit 

High-Level Output Voltage VOH , Voits 
VoL Volt 


Low-Level Output Voltage 
VIH(L) = Vref + 100 mV, Vii(s) = 0-8 V. Joy = 16 mA al 
ViL(L) = Vre¢ - 100 mV, Vi p(s) = 2.0 V, lo_ = 16 mA 

Strobe Input Clamp Voltage . : Vis) 

Strobe Input Current (at max Input Voltage 
Vi(s) = 5.5 V 


High-Level Input Currents 
Strobe (Vi(s) = 2.4 V) 

Line (Vi(L) = Voc, Vret = 1.5 V) 

Reference (Vref = 3.5 V, Vi(L) = 1.5 V) ~ 


Volts 


2.0 


80 
200 


NHS) 
NHL) 
‘tH (ref) 


100 


P| 


Low-Level Input Currents 


Strobe (Vj(g) = 0.4 V) NL(s) me 
Line (Vi(L) = OV, Vreg = 1.5 V). NHLAL) He 
Reference (Vref =.0 V, Vi(L) = 1.5 V) NiU(ref) HA 


Vere! 
2.0 - 
Short-Circuit Output Current** ; 
Vec=5.5V ; 
Supply Current (output high) ICCH 
Vits) = OV, Vi(L) = Vref - 100 mv 
Supply Current {output low) IccL 
Vi(s) = OV, Vi(L) = Vref + 100 mV 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Veet = 2.5 V, CL = 15 pF, RL = 400 2, Ta = +25°C unless otherwise noted.) 
See Figure 1. ! . . 


Symbol [Min | 
Propagation Detay Time (low-to-high level output from Line input) tPLHI(L Bee 
Propagation Delay Time (high-to-low level output from Line input) | tery) | | 


>| 


35 


35 
70 


a 
aoe 


Propagation Delay Time (high-to-low level output from Strobe input) tPHL(S): 


Propagation Delay Time (low-to-high level output from Strobe input) tPLH(S) 


*All typical values are at Vcc = 5.0 V, Ta = +25°C. 


**Only one output should be shorted at a time. 
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MC75140 


SIGNAL 
INPUT 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


MC75140Pi 


ae 


STROBE 


Vo, QUTPUT VOLTAGE (VOLTS) 


- FIGURE 3— SCHMITT TRIGGER 


QUTPUT 


une input 10%. 


(see note A) 


STROBE 
INPUT 


1N3064 

Cy = 15 pF or equiv 
(include stray 

= and jig capacitance) 9 = 


tTLH <10n; 4 ee —w MO ITHL < Ons 
ji Ui | 


tTLH < !0ns at a 


\ 
sv 1SV 


Note: Input pulses are supplied by generators having the following 


characteristics: PAR = 1.0 MHz, duty cycle < 50%, zy = 5082. 


FIGURE 2 — OUTPUT VOLTAGE versus 


LINE INPUT VOLTAGE 


ges) eb 
BESSRRERRE 
Seecreasee 
SER Eee Eee 
RCERSERRS 
Seal eel 


Vin(L}, LINE INPUT VOLTAGE (VOLTS) 


Vec=5.0V 
Vref =2.5V 


ViniS)= OV - 


FIGURE 4 — TRANSFER CHARACTERISTICS FOR 


SCHMITT TRIGGER 


“EEE EE TT br tansasee 


OUTPUT 
(MTTL LEVELS) 


Vg, GQUTPUT VOLTAGE (VOLTS) 
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0.5 


1.8 1.5 2.0 2.5 Tm 
Vin, INPUT VOLTAGE (VOLTS) 


MC75140 Oh we a fe Fe 


FIGURE 5 — GATED OSCILLATOR 


MC75140P1 


STROBE 


FIGURE 6 — GATE OSCILLATOR FREQUENCY 
versus RC TIME CONSTANT FIGURE 7 — DUAL BUS TRANSCEIVER 
os 45V 

Vec=5V 
RT* 


DATA BUS 


| Y 
’ = cH : isso *50-T0-100-Ohms 
| a DATA IN Depending On Line 
STROBE | 1/2 MC75453 Impedance. 


Vcc=5V 


f, FREQUENCY (MHz) 


DATA OUT 


DATA OUT 
STROBE 


RC TIME CONSTANT (us) 


| 
ep Sieh + 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC55325F —55°C to +125°C Ceramic Flat 
MC55325L —55°C to + 125°C Ceramic DIP 
MC75325F “O°C to +70°C Ceramic Flat 
MC75325L O°c to +70°C Ceramic DIP 
MC75325P 


0°C to +70°C Plastic DIP 


Specifications and Applications 
Information. 


DUAL MEMORY DRIVER | 


The MC55325/75325 is a monolithic integrated circuit memory 
driver with logic inputs, and is designed for use with magnetic 
memories. : 

The device contains two 600-mA source-switch pairs and two 
600-mA sink-switch pairs. Source selection is determined by one of 
two logic inputs, and source turn-on is determined by the source 
strobe. Likewise, sink selection is determined by one of two logic . 
‘inputs, and sink turn-on is determined by the sink strobe. With this 
arrangement selection of one of the four switches provides turn-on 
with minimum time skew of the output current rise. 


600-mA Output Capability 
Fast Switching Times 
Input Clamp Diodes 


Dual Sink and Dual Source Outputs 
MDTL and.MTTL Compatibility 
24-Volt Output Capability 


Source 


‘TYPICAL APPLICATION 


Simplified Core Selection 
Matrix - (See Figure 11 for Details 


Memory Cores | 
1/2 MC75325 ‘ ~ 
Each ae) Sinkg o Oo | 
: ; Source 


1/2 MC75325 
Each 


CERAMIC PACKAGE 


DUAL MEMORY DRIVER 


SILICON MONOLITHIC © 
INTEGRATED CIRCUIT 


16 
"4 
L SUFFIX 


CASE 620 


F SUFFIX 
CERAMIC PACKAGE 


CASE 650 
16 : 
1 ’ 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
{MC75325 only) 


Source 
Collectors 


Strobes 


MC75325, MC55325 


MAXIMUM RATINGS (T, = 25° unless otherwise noted) 


Supply Voltage (Note 1) Vec1 7.0 Vde 
_ Voc2 25 Vdc 
Tapat Vattane Ma ee vee 


Power Dissipation (Package Limitation) 
Ceramic and Plastic Packages 
Derate above Ta = +25°C 
Operating Ambient Temperature Range 
: MC55325 
MC75325 


TRUTH TABLE 


"ADDRESS INPUTS | STROBE INPUTS 


SQURCE | SINK 
w xT Y Zz 
in 


Oft 
otf On 
Off Off 
off Off 
Ott Off 
off Off 


-55 to +125 H = high tevel, L = low level, X = irrelevant 


0 to +70 


Storage Temperature Range ~ ~65 to +150 


Note 1. Voltage values are with respect to the network ground terminal. 


NOTE: Not more than one output is to be on 
at any one time. 


ELECTRICAL CHARACTERISTICS (Ta = Tiow to Thigh unless otherwise noted! 1)) 


Symbol 


Input Voltage — High Logic State 
{nput Voltage — Low Logic State 
Input Clamp Voltage 
(Vec1 = 4.5 V, Voc2 = 24 V, If = -10 mA 
Output Current — Off State 
(Voc1 = 4.5 V. Vec2 = 24 V) TA = Tiow to Thigh 
: ; Ta = 25°C 


Ta = 25°C) 


Saturation Voltage 
: Source Outputs 
(Voc1 = 4.5 V. Voc? = 15 V. Isqurce © -600 mA, RL = 24 ohms, 


Note 4) TA = Tiow to Thigh 
: Ta = 25°C 
Sink Outputs 
(Voc1 = 4.5 V, Vee? = 15 V, lsink ¥ 600 mA, Ry = 24 ohms, 
Note 4) TA = Tiow to Thigh 
Ta = 25°C 


input Current at Maximum Input Voltage 
(Vec1 = 5.5 V, Vec2 = 24 V, Vj = 5.5 V) 

Address Inputs 

Strobe Inputs 


Input Current — High Logic State 
(Veer = 5.5 V, Voc = 24 V, Vv) = 2.4 V) 

Address Inputs 

Strobe Inputs 


Input Current -- Low Logic State 

(Vccq = 5.5 V. Vec2 = 24 V, Vy = 0.4 V) 
Address Inputs 
Strobe {Inputs 


Supply Current — Output Condition Off 
(Voci = 5.5 V, Voc? = 24 V, Ta = 25°C) 

From Vcc] 

From Voc? 

Supply Current from Vcc1, Either Sink “On’" : 

(Voci «5.5 V, Vec2 = 24 V, Isink = 60 mA, Ta = 25°C) 


| Supply Current from Vocg, Either Source “On” 
(Veo * 5.5 V. Vecg * 24 V, Isqurce = -60 MA, Ta = 25°C) 
(1) Tow = -55°C for MC55326, 0°C for MG75325 
Thigh = +126°C for MC55325, +70°C for MC75325 
(2) All typical vatues are at Ta = 26°C 


(3), Not more than one output is to be “on” at any one time. eae 
(4) Saturation voltage must be measured using pulse techniques: Pulse Width = 200 us, Duty Cycle < 2% 


5-286 — 


MC75325, MC55325 


SWITCHING CHARACTERISTICS (Vcc) = 5.0 V, Cy = 25 pF, Ta = 25°C) 


Propagation Delay Time to Source Collectors 
(Vec2= 15 V,R_L = 24 0hms)  Low-to-High Level 
: High-to-Low Level 


Transition Time : 
(Voc2 = 20 V,R__=1kohms)  Low-to-High Level 
_ High-to-Low Level 
Propagation Delay Time to Sink Outputs ‘ 
(Voc2=15 V, RL = 24 ohms) — Low-to-High Level 


High-to-Low Level 


Transition Time 
(Voc? = 15 V,R_ = 24 ohms)  Low-to-High Level Output 
High-to-Low Level Output 


Storage Time to Sink Outputs 
(Voc2 = 15 V, RL, = 24 ohms) 


FIGURE 2 —- PROPAGATION TIME TO 


SOURCE COLLECTORS 
; = : To Scope 
A Say Vec2 = +15 v (Output) 
Input) 350 


Source 
Collectors 


l - B ; 
Vec1 = 45.0 V, Rint Cy Includes Probe 
= and Jig Capacitance 


Source W Shown Under Test 


Input Pulse Characteristics: 


Zq = 5022, Pulse Width = 200 ns, 
tTLH F tTHL © 10 ns, Duty Cycle < 1% 


FIGURE 3 — PROPAGATION TIME, 
TRANSITION TIME AND STORAGE TIME 


TO SINK OUTPUTS 


Vec2 =+15V 


To Scope 
(input) 


Sink Y Shown Under Test 


FIGURE 4 — SWITCHING TIMES ON SOURCE OUTPUTS (See Figure 5) 


3.0 V , 
oR be ns Gone Sy 


‘ VOH 
Output 


Vou 


. §-287 


Input Pulse Characteristics: 


Pulse Width = 200 ns 


To Scope 
(Output) 


Cy, Includes Probe 
and Jig Capacitance 


\ 


trHt = trLH < 10 ns, Duty Cycle < 1% 


MC75325, MC55325 


I, COLLECTOR CURRENT (mA) 


Vsat. SATURATION VOLTAGE (VOLTS) 


FIGURE 5 — TRANSITION TIME ON SOURCE OUTPUTS 


To Scope 
(Input) 


Pulse 
Generator 


TYPICAL PER 


X 


FIGURE 6 — SOURCE COLLECTOR CURRENT 
. (Off-State) versus AMBIENT TEMPERATURE 


100-120-140 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — SOURCE OR SINK SATURATION VOLTAGE _ 
versus AMBIENT TEMPERATURE 


0.8 : 
Voc1= 4.5 V 
Voc2= 15 V 
source OF Isink = |S 


0.7 


75 
Ta, AMBIENT TEMPERATURE (°C) 


350 


To Source 
(Output) 


1k 


CL Includes 
Probe and Jig 
Capacitance 


Source W Shown Under Test 


FORMANCE CURVES 


FIGURE 7 — SINK OUTPUT VOLTAGE-HIGH STATE Von 
versus AMBIENT TEMPERATURE 


VOH, QUTPUT VOLTAGE-HIGH LOGIC STATE (VOLTS) 


-25 0 25 50 
Ta, AMBIENT TEMPERATURE (°C) 


75 100. 125 


FIGURE 9 — SOURCE OR SINK SATURATION VOLTAGE 
versus SOURCE OR SINK CURRENT 


Vsat- SATURATION VOLTAGE (VOLTS) 


550 
Is, SOURCE OR SINK CURRENT (mA) 


350. 400. 450 500 
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APPLICATIONS INFORMATION 
BASE DRIVE RESISTOR 


An internal 575 Q resistor connected between the An internal pull-up resistor in parallel with a clamping 


VCC2 and the Rint terminals is provided in the MC55325/ ==. = diode to V2 is provided at each sind-output collector to 


75325 to supply sufficient base drive for source currents 
to 375 mA at Vcc2 of 15 Volts or 600 mA at Vcco2 of 
24 Volts. Connecting the R node to the Rjnt node 
selects this internal resistor. If source currents greater 
than 375 mA are required, the Rint node should be left 
open and an appropriate resistor connected between 
Vcc2 and the R node. This method allows source base 
drive currents regulated to typically within + 5%. This 
has an added advantage of removing the power dissipated 
in the resistor from the IC package, allowing the device to 
source greater currents at a given junction temperature. 
The value of the required external resistor in a parti- 
cular memory application may be computed using the 
following equation:. 
16 (VCC2 min-VS-2.2) 
Rext = 1.6 (Vers win-Vo2.9) (1) 
L- 1.6 (VCC2 min-Vs-2.9) 

Where: Rext = kQ2. 

Vs =the source output voltage referred to 

ground. 
iL =mA. 
During the load current pulse the power dissipated in 

the resistor, Rext is 
~ tt (VCC2 min-Vs-2) 


PRext 16 


(2) 


Where: PRex¢ = mW. 

The source collector current Ics is approximately 94% 

of total load current, IL. The remaining current flows in 

the base of the source transistor through the external 

resistor Rex t or the source gate. See Figure 10 for added 
. details. , , 


protect against voltage surges generated by switching re- 
duction loads. 


FIGURE 10 — TYPICAL CIRCUIT USED 
FOR Rext CALCULATION © 


Vec2 


One Source 
Section of - 
MC75325 


ngs 


Memory Element 


a, 


Ju 


One Sink 
Section of 
Another MC75325 


SELECTION MATRIX 


The combination of current source and sink pairs 
within, the MC75325 is often utilized to implement a 
selection matrix for core memory systems. A typical, 
simplified system is shown in Figure 11. 


' The selection of any particular line (line 7, for ex-. 


ample) is made by activating a particular, unique combin- 
ation. of two source/sink pairs. For an example, with 
» the Mode Select input high and B1 low, current source X 
of #1 MC75325 will be activated. This selects lines 4-7. 
When input C4 goes low, on #4 MC75325, current. will 


flow through line 7 from source X (of device #1) to sink 
Y of device #4. 

Changing the logic state of device #1 to input D1 
low, device. #4 to input A4 low, and applying a low to 
the Mode Select input, reverses the direction of the current 
in line 7 with the #1 MC75325 sinking the current and 
the #4 device sourcing it. 

Drive tine inductance and capacitance only limits the 
number of drive lines a source/si nk pair can drive and thus 
the size of a matrix possible. 
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Drive Lines 


& Cores 


ATE i 


ASH 


is ee eee BB 


TYPICAL 


SELECTION MATRIX 


FIGURE 11 — 
APPLICATION - CORE MEMORY 
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ORDERING INFORMATION 
Device Temperature Range Package 


MC75365L 0°C to +70°C Ceramic DIP 
MC75365P 0°C to +70°C Plastic DIP 


Specifications and Applications 
Information 


QUAD MOS CLOCK DRIVER 


SILICON MONOLITHIC 
QUAD MOS CLOCK DRIVER INTEGRATED CIRCUITS 
OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER 


The MC75365 is intended for driving the highly capacitive Ad- 
dress, Control and Timing inputs on a variety of MOS RAMs such as 
the “1103” and 7001" types. it is designed to operate from the 
MTTL 5.0 V power supply and the Vss and Vgp power supplies 
used with the memories in most applications. Operation is re- 
commended at Vcc3 = Vcc2 + 3 V, but the part is useable over a 
wide latitude of supply voltages. Vcc2 may be tied directly to 
Vcc3 in many conditions. 


© Pin Compatible with Intel 3207 and Interchangeable with T. 1. LSUFFIX. P SUFFIX 
SN75365 CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 
@ MTTL and MDTL Compatible, Diode-Clamped Inputs 
®@ Two Common Enable Inputs per Gate Pair 
‘@ Low Standby Power Consumption Transient 
® Capable of Driving High Capacitive Loads 
@ Fast Switching Operation ; ‘PIN CONNECTIONS 


TYPICAL APPLICATION 
with “7001” Type 1K RAM 


75V 15V 
0 ° 


AO 
O UO 
pee 
ona S| me7szes 
© O 
LoA8 5] 


O O) 
, voor” rvo0] One® | sas, 
{nputs O RAM | 5 AS n_ MC75365 Inputs 
{MCM7001) , ’ 
: TRUTH TABLE 


Bea 
Beg | wor 


Where: . 
H = High Logic State 
‘L = Low Logic State 
1 = |= Irrelevant 


MC75365 


TYPICAL APPLICATION 
with “1103” Type 1K RAM 


195 V 16V 


Data In 


MTTL 


| MC75365 
inputs 


Read/Write 


MAXIMUM RATINGS (Ta = 25°C unless otherwise 
‘ Rating 


Power Supply. Voltages 


Precharge 
O O 
a 


Chip Enable 
O O 
aesiel 


“1103” Type 
PMOS 


6 _]MC75365 
Paes emp 
Address 
Lines O 


noted) : 


~0.5 to 7.0 
-0.5 to 25 
-0.5 to 30 


Input Voltage 
Input Differential Voltage (see Note 1) 


Power Dissipation (Package Limitation) 
Ceramic Package @ Ta = 25°C 
_* Derate above Ta = 25°C 


Plastic Package @ Ta = 25°C 


Derate above Ta = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Operating Ambient Temperature Range 


Junction Temperature 
Ceramic Package . 
Plastic Package 


Storage Temperature Range -- 


Note 1. This is the differential voltage between any two inputs to any single gate. 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltages 


Difference between Vcc3 and Vcc2 
Operating Temperature Range Ae 


Symbol 


Vcci 4.75 
Vcec2 4.75 20 
Vcc3 Vcec2 24 


Vcec3-Vcc2 


Seema Y irra aaa emi 
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ELECTRICAL CHARACTERISTICS (Uniess otherwise noted Ta = 25°C, Vcc = 5.0 V, Vec2 = 20 V, Voc3 = 24V, 
Cy = 200 pF, Rp = 242, See Figures 1 and 2.) 


Input Voltage — High Logic State 
Input Voltage — Low Logic State 


Input Clamp Voltage Vic 
(lj = -12 mA) 
Input Current — Maximum Input Voltage Net oo 
(Vip = 5.5 V) 
(2 


m 


Mi 
Vv 
Vv 
A 
A 
A 
Vv 
Vv 
vo, 
A 
mA . 


Input Current — High Logic State 
(Vin (1) = 2.4 V) 

(Ving (2) or Vip (3) = 2.4 V) 
tnput Current — Low Logic State 
(Vii (1) = 0.4 V) 

(Vit (2) or Viz (3) = 0.4 V) 
Output Voltage — High Logic State 
(Vec3 = Vec2 + 3.0 V, Viz = 0.8 V; Ion = -100 uA) 
(Vec3 = Vec2 + 3.0 V, Vit = 0.8 V, loH = -10 mA) 
(Vec3 = Vec2, Vit = 0.8 V, lon = -50 HA) 

{Vec3 = Voc2. Vit = 0.8 V, 1oH = -10 mA) 


40 
. 80 


NH? 


(Vit = OV, loc = 20mA) . 
Output Voltage — Low Logic State 
(Vilq = 2.0 V, tot = 10 mA) VoL! 
(15 V < Vccg < 28 V, Vip = 2.0 V, lor = 40 mA) VOL2° 
Power Supply Currents — Outputs High Logic State mA 
. (Veer = 5.25 V, Vea = 24 V, Vcc = 28 V, 1ec1(H) 8.0 . 
Vit =9 V, !oH = O mA) : ICC2(H) -3.2/4+0.25 
Sci ‘ leC3(H) 3.5 
(Voci = 5.25 V, Vec2 = 24 V, Vec3 = 24 V ICC2(H) 0.25 : 
ViL =0V,IQH = OmA) I¢C3(H) 22 


Power Supply Currents — Output Low Logic State 
(Veci = 8.25 V, Vec2 = 24 V, Vecg = 28 V | teetL) 
Vin = 5.0 V, lot = OmA) ; : 'CC2(L) 

ICC3(L) 


Power Supply Currents — Standby Condition 
(Voc = 9 V, Voc2 = 24 V, Voc3 = 24 V 
Vio = 5.0V, lot = OmA) 


47 
2.5 
* 25 


*Typical Values at 25°C, Vccq = 5.0 V, Vcc2 = 20 V and Vcec3 = 24 V 


N 


SWITCHING CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Vcocy = 5.0 V, Vcc2 = 20 V, Voc3 = 24 V, 
CL = 200 pF, Rp = 242, See Figures 1 and 2.) ‘ 


' Characteristic : . Symbol 
Propagation Delay Time, Low to High State Output tPLH 
Propagation Delay Time, High to Low State Output tPHL 


Pin ve Mx Tit 
. 31 48 
pm | oe | 
Detay Time, Low to High State Output tDLH ae a eae 
Detay Time, High to Low State Output ae eo ee ee 
SE 20 - 33 
ae ee ee a ee 


Transition Time,-Low to High State Output tTLH 
Transition Time, High to Low State Output tTHL 
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FIGURE 1 ~ SWITCHING CHARACTERISTIC TEST CIRCUIT 


_To Scope 
(Output) 


To Scope 2.4V 
O 


(input) 
: 1/4MC75365 


(includes Probe 
and Jig 


Generator = Capacitance) 


FIGURE 2 — SWITCHING CHARACTERISTICS WAVEFORMS 


input 


Output 


Input Pulse Characteristics: 
PRR = 1.0 MHz, PW = 500 ns, tr_ py = trHL.< 10 ns 


TYPICAL PERFORMANCE CURVES 


FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 
VCC? pammemeeca 


“Tho 
Bhi hi Re il 


meee -2.5 V} 


Von, OUTPUT VOLTAGE — HIGH 
LOGIC STATE (VOLTS) 


Vec1=5.0V 
VCG2 = 20V 


iH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 
versus OUTPUT CURRENT 


05 


O4 


VoL, OUTPUT VOLTAGE - LOW 
LOGIC STATE (VOLTS) 


i 
Ea 
i 
Z 
ia 
aa 
a 
bal 
fea 


RRR REANEE 
RRERS SS \ee 


i 
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ial 


loL, OUTPUT CURRENT — LOW LOGIC STATE (mA) 


A 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT : 


Peers | UTUIE | UI 
\ 


ll Ta = 25°C 


asst \ Ta = 70°C 


SS 2 
H SS 
na TRS “ 
aeeel™ CTI UL 
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| itn LUE TU LB 
Vec2 -3.5 V 
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Vec2 


Voce -0.5 V 


Vec2 -1.0 veal 


Vec2 -1.5V 


Vec2 -2.0V 


LOGIC STATE (VOLTS) 


Vee? -2.5 V 


VoH, OUTPUT VOLTAGE — HIGH 


FIGURE 6 — TOTAL POWER DISSIPATION versus FREQUENCY 
_ {All Four Drivers) 


1000: 
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IPLH, FUUFADATHIUN UELAT LIME 


(PLY, PRUPAGATIUN DELAY TIME — LUW 


MC 75365. 


LOW TO HIGH STATE GUTPUT (ns} 


TO HIGH STATE OUTPUT (ns) 


tPLH, PROPAGATION DELAY TIME 
LOW TO HIGH STATE OUTPUT (ns) 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 — PROPAGATION DELAY TIME — 
. LOW TO HIGH STATE OUTPUT 
versus AMBIENT TEMPERATURE 


Vcec1=5.0V Vece2 = 20V 
Rp = 242 


0 . 
0 20 40 60 80 


- Ta, AMBIENT TEMPERATURE (°C) - 


FIGURE 9 — PROPAGATION DELAY TIME ~ 


LOW TO HIGH STATE OUTPUT 
versus Voc SUPPLY. VOLTAGE 


Vec1=50V Ta =25° 


FIGURE 11 — PROPAGATION DELAY TIME — 
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10 
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LOW TO HIGH LOGIC STATE ~ 
versus LOAD CAPACI TANCE 
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tPHL, PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT (ns) 
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it 
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FIGURE 8 — PROPAGATION DELAY TIME — 


tPHL, PROPAGATION DELAY TIME 
HIGH TO LOW STATE OUTPUT (ns) 


HIGH TO LOW STATE OUTPUT 
versus AMBIENT TEMPERATURE 
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FIGURE 10 — PROPAGATION DELAY TIME — 


HIGH TO LOW STATE OUTPUT 
versus Vcc? SUPPLY VOLTAGE 
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FIGURE 12 — PROPAGATION DELAY TIME — 


HIGH TO LOW STATE OUTPUT 
versus LOAD CAPACI TANCE 
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APPLICATIONS SUGGESTIONS 


POWER CONSIDERATIONS 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 


‘for converting power dissipation into junction temper- 


ature is: 
— Ty=Tat Pp (Resc + Roca) (1) 
or ; ety 
Ty= Ta + Pp (Resa) (2) 
where : 


TJ = junction temperature 
TA = ambient temperature 
Pp = power dissipation 


RéJc = thermal resistance, junction to case 
R6CA = thermal resistance, case to ambient 
R@JA = thermal resistance, junction to ambient. 


Power Dissipation for the MC75365 MOS Clock Driver: 


The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. The variation of power dissipation with 
frequency and load capacitance for the MC75365 is 
illustrated in Figure 6. The power dissipation, when 
substituted into equation (2), should not yield a junction 
temperature, Tj, greater than Ty(max) at the maximum 
encountered ambient temperature. Ty(max) is speci-_ 


. fied for two integrated circuit packages in the maximum 
- ratings section of this data sheet. 


With these maximum junction temperature values, the 
maximum: permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (1) and (2) and the maximum 
thermal resistance values given in Table 1 shown on 
the following page. 


MC75365 


TABLE 1 — THERMAL CHARACTERISTICS 
OF “L” AND “P” PACKAGES © 


Rosa (°C/W) Rec (°C/W) 
Still al Stilt Air 


PACKAGE TYPE 
(Mounted in Socket) 


“LL” (Ceramic Package) 
“P« (Plastic Package) 100 


lf the power dissipation. determined by a given system 
produces a junction temperature in excess of the recom- 
mended maximum rating for a given package type, some- 
thing must be done to reduce the junction temperature. 


There are two methods of lowering the junction tem- 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf- 
ficiently to bring Ty to an acceptable value. Secondly, 
the R@ca term can be reduced. Lowering the R@ca 
term can be accomplished: by. increasing the surface 
area of the package with the addition of a heat sink or by 
blowing air across the package. to promote improved 
heat dissipation. 


Heat Sink Considerations: 


~ Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 13. 


FIGURE 13 — THERMALLOY* HEAT SINKS 


*Manufactured by Thermaltloy Co. of Texas. 


From Table t, R@ya(max) for the ceramic package 
with no heat sink and in a still air environment is 
150°C/W. 


For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
R@ca for natural convection from Figure 14 is 44°C/W. 
From Table 1 R@jge(max) = 50°CMW for the ceramic 
package. Therefore, the new Rgya(max) with the 
6012B heat sink added becomes: 
Rg gya(max) = 50°C/W + 44°C/W = 94°C /W. 
Thus the addition of the heat sink has reduced R@ja 
(max) from 150°C/W down to 94°C/W. With the heat 
sink, the maximum power dissipation by equation (2) 
at Ta = +70°C is: ; 
175°C — 70°C 
Pp = ————_———— = 1.11 watts. 
+94°C/W 


This gives approximately a 60% increase in maximum 
power dissipation over the power dissipation which is 
allowable with no heat sink. 


FIGURE 14 — CASE TEMPERATURE RISE ABOVE | 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION 


THERMALLOY 26007A 
DIP HEAT SINK OR EQUIV 


CASE TEMPERATURE RISE 
ABOVE AMBIENT TEMPERATURE (°C) 


k 1. : : 
. Pp, POWER DISSIPATED (WATTS) 5 


Forced Air Considerations: 


As illustrated in Figure 15, forced air can he employed to 
reduce the Raya term. Note, however, that this curve is 
expressed in terms of typical Rg ya rather than maximum 
Raja. Maximum R@ja can be determined in the fol- 
lowing manner: 
From Table 1 the following information is Known: 
(a) Rgya(typ) = 100°C/w 
(b) Rgycltyp) = 27°C/W 
Since: , 
RaJA = Resc + R6CA (3) 
Then: 
Raca = Rega - Résc (4) 
Therefore, in still air 
Raca(typ) = 100°C/W ~ 27°C/W = 73°C/W 


From Curve 1 of Figure 14. at 500 LFPM and eq- 
uation (4), 

Recaltyp) = 53°C/W - 27°C/W = 26°C/W. 

Thus Reca(typ) has changed from 73°C/W (still air) to 

26°C/W (500 LFPM), which is a decrease in typical 
~ Reca by a ratio of 1:2.8. Since the typical value of 

R@CA was reduced by aratio of 1:2.8, Rgaca(max) of 

100°C/W should also decrease by aratio of 1:2.8. 

This yields an Reca(max) at 500 LFPM of 36°C/W. 

Therefore, from equation (3): 

Raga(max) = 50°C/W + 36°C/W = 86°C. 
Therefore the maximum allowable power dissipation at — 
500 LFPM and Ta = +70°C is from equation (2): 

07 _ 799 
Bie aan 
86°C /W 
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Roja, THERMAL RESISTANCE JUNCTION 
TO AMBIENT (°CAVATT) 


-Raca, THERMAL RESISTANCE CASE TO AMBIENT 


FIGURE 15 — TYPICAL THERMAL RESISTANCE (Roa) OF 
- “L“ PACKAGE versus AIR VELOCITY 


| | 
PACKAGE MOUNTING #1 BARNES. SOCKET OR EQUIV 
; ; #2 PRINTED CIRCUIT BOARD . 
4" x6" x 0.002" - 20Z. CU, 


SS 
is 


Rasa = 100°C WATT 
Resc = 27°CMWATT 


400 600 800 1000 1200 
AIR VELOCITY (LINEAR FEET PER MINUTE) 


200 


Heat Sink and Forced Air Combined: 


Some heat sink manufacturers provide data and curves of 
Reca for still: air and forced air such as illustrated in 
Figure 16. -For example the 6012B heat sink has an 


From equation (3): 

Max R@ja = 50°C/W + 17°C/W = 67°C /(W. 
From equation (2) at Ta. = +70°C 

175°C - 70°C 


= 157 Watts: 
67°C/W 


FIGURE 16 — THERMAL RESISTANCE Roca 
versus AIR VELOCITY. 


(°CWATT) 


190 POIP WITH THERMALLOY _. : 
#60128 HEAT SINK OR eouly 


"eo -800~S~«~*S 


400° : 
AIR. VELOCITY (LINEAR FEET PER MINUTE) 


200. - = 


“ Raca. = 17°C/W at 500 LFPM as noted in ‘Plaure ee . 


Given data from Table 1: . 
typical RQJA = 100°C /W 
typical Reyco = 27°C/W : “eas 
From Curve 2 of Figure 15, Ra ja(typ) is 75°C/W fora 
PC mount and no air flow. Then the typical Reca is 
75°C/W —.27°C/W = 48°C/W. From Table 1 the typical 


value of R@ca for socket mount is 100°C/WW —.27°C/W . 


= 73°C/W. This shows that the PC board mount results 
in a decrease in typical Rac, by a ratio of 1:1.5 below 
the typical value of Rac,a.-ina socket mount. Therefore, 
the maximum value of socket mount R@ca of 100°C /W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board, The maximum Rgca be- - 


comes: 


-_ 100°C/W - 


- BOCA 66°C/W for PC board mount 


Therefore the maximum \ROJA for aPC mount is from 
equation (3). 

| ReJA = 5OOC/W + 669CW = 116°C. 
With maximum Rg@ja known, the maximum power dis- 
sipation can be found. If Ta = 70°C -then from 
equation (2) the maximum power dissipation may ‘be 
found to be 905 mW. © 


In most cases, heat sink manufacturer's publish only 
Racca socket mount. data. Although data for PC. 


_ mounting is generally not available, this should present 


000... 


Note from Table 1 and Figure 15° that if the 16-pin 


ceramic package is mounted directly. to: the PC. board 
(202. cu. underneath), that’ typical R@JA-is considerably 
less than for socket mount. with still air and no heat sink. 


The following. procedure can be employed to.determine 


the maximum. power dissipation for this condition. 


- slightly greater: safety factor. 


_ techniques employed. 
‘greater for an integrated circuit mounted. on aPC board 


stantial ground plane. 


no problem. Note in Figure 15 that.an air flow greater. - 


_ than 250 LFPM. yields a socket mount. R@jA approxi- 
. mately 6% greater.than for a PC mount. Therefore, the 


socket mount data can be used for.a PC mount with a 
Also it should be. noted 
that thermal resistance measurements. can. vary widely. 
These measurement variations are due to the dependency: 
of R@ca of the type environment and measurement 
For example, Raca would be. 


with little or no ground plane versus one with a sub-- 
Therefore, if the-maximum cal- 
culated junction temperature is on the border line. of 


ae being too: high: for a-given system application, then _ 


thermal resistance measurements should be done on the 


_ system to. be .absolutely certain that the | maximum 


JHNELION temperatre is not exceeded. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC75358L 0°C to +70°C Ceramic DIP 
MC75358P 0°C to +70°C Plastic DIP MC 75368 
MC75368L 0°C to +70°C Ceramic DIP 
MC75368P . 0°C to +70°C Plastic DIP 


MC75358 


Specifications and Applications 


Information 


DUAL MECL-to-MOS DRIVERS 


The MC75368 and MC75358 are dual MECL-to-MOS driver and 


interface circuits. The devices accept standard MECL 10,000 and 
‘IBM grounded-reference ECL input signals and create high-current 
and high-voltage output levels suitable for driving MOS circuits. 
Specifically, they may be used to drive address, control, and timing 
inputs for several types of MOS RAMs including high-speed MCM7001 


DUAL MECL-to-MOS 
DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 : 


1K NMOS RAM. The devices may also be used as MECL-to-MTTL TO-116 


translators. ‘ 

These two devices differ in that the MC75368 is optimized for 
higher voltage capability and the MC75358 version is made to op- 
erate at somewhat reduced maximum voltages. 


@ Dual MECL-to-MOS Driver 
@ Dual MECL-to-MTTL Driver 


@ Versatile Interface Circuit for Use Between MECL and High-. 
Current, High-Voltage Systems 


FIGURE 1 — TYPICAL APPLICATION WITH MCM7001 1K NMOS RAM — 
(See Figure 8 and 9 for details) 


AO 
Al 
A2 


a4 
MC75368 


Output Enabie ‘P SUFFIX 
PLASTIC PACKAGE 


CASE 646 


romz oa 


ecoooe 


FUNCTION TABLE 


Input Voltage Conditions 
Logic Level | Output 


(More positive of Y 


A or B) -C 


Indeter- 


MC75368 
. Ag 
Write Enable 
MC75368 


Data Input 


Latch 
Enable 


o70a0Or 


< ; Chip Select 
[mcrore1 F-— mc7saes | 


- Chip Select 


*MC3461 Dual Sense Amplifier 


to be announced 1st Quarter 1975. H= high logic tevel, L = low logic level 


X = Irrelevant 
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MAXIMUM RATINGS (Unless otherwise noted, voltages measured with respect to GND terminals, Ta = 25°C.) 


Power Supply Voltages ; 
. MC75368 
MC75358 
MC75368 
MC75358 


Most Negative of Voc1. Veca, of Voc3 with 
respect to Veg 


Input Voltage j : ; 
Inter-Input Voltage 


Most negative Input Voltage with respect to Vee 


Power Dissipation (Package Limitation) 
' Ceramic Package @ Ta = 25°C 
_ Derate above Ta = 25°C 
Plastic Package @ Tp = 25°C © 
Derate above Ta = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Operating Ambient Temperature Range 7 
Storage Temperature Range : 


(1) With respect to any pair of inputs to either of the input gates. 
\ 


Ea CR SNE. 


RECOMMENDED OPERATING CONDITIONS | 


sear aN ) BT ana Sa er 
Vcc1 5.0 5.25 4.76 i 5.25 
Vcc2 
Vec3 
Vec3- Vcoc2 


{1) The definition’ of these Logic Levels use Algebraic System of notation. 


(2) The input differential voitage is measured from the more positive inverting input (A or B) with respect to the non-inverting 
input (C) of the same gate. 
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MC75368, MC75358 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply. over recommended: power supply and temperature 


Output Voltage — High Logic State 

(Vec3 = Vec2 + 3.0 V, VipL = 
-150 mV, IoH = -100 HA) 

(Vec3 = Vec2 + 3.0 V, Vint = 
-150 mV, lox =-10 mA) 

(Vec3 = Vec2. VIDL = -150 mv, 
loH = -50 A)” 

(Vec3 = Vec2. Vip = -150 mv, 
leyy = -10 mA) 

Output Voltage — Low Logic State 
(VipH = 150 mV, lot = 10 mA) 
(Vip = 150 mV, Io_ =-30 mA) 

10 V < Voc3 < 22 V 
10V < Veco < 28 V 


Input Current — High Logic State 
’ (Veg =-5.72 V, Vit =-5.72 V, 
Vin = ~-0.7 V) 

Input Current — Low Logic State 
(Vin = -0.7 V, Vit =-2.0 V) 
(Veg = -5.72 V, Viz = -0.7 V, 

Vit = -5.72 V) 

Power Supply Current — Both Outputs 
High Logic State 
(Vcc = 5.25 V, Veg = -5.72 V,. 

ViL(a) and (g) =-2.0 V, 

Vin(c) =—0.7-V. Ion = 0) 

MC75368 — Vcoc2 = 22 V, 
Vcc3 = 26 V 

MC75358 — Vcoc2 = 18 V, 
Vcc3 = 22 V 


Power Supply Current — Both Outputs 
Low Logic State : 
(Veci = 5.25 V, Veg = -5.72 V, 

ViH(A) and (B) = -0.7 V, 
ViLic) =-2.0 V, lox = 0) 

MC75368 —:Vcc2 = 22 V, 
Vcc3 = 28 V 

MC75358 — Vcc2= 18 V,. 
Vcec3 = 22 V 


Power Supply Current ~ Both Outputs 
High Logic State 
(Voc1 = 5.25 V, Veg = -5.72 V, 


ViL (A).and (g) = -2.0 V, Vin(c) = 


-0.7 V, lo_ = 0) 
MC75368 — Voc? = 22 V, 
Vec3 = 22.V 
MC75358 — Vcc2 = 18 V 
Vce3 = 18 V. 
Power Supply Current,— Stand By 
Condition 
(Vcc1 = 0 V, Veg = 9 V, ViHta) 
and (8) = ~-0.7 V, ViL(c) = 
-2.0 V, 16 = 0) 
MC.75368 — Vcc? = 22 V, 
Vcc3 =22V 
MC75358 — Vcoc2 = 18 V, 
Veéc3 = 18 V 


rangés. Typical values measured at Vccq = 


5.0 V, Veg = -5.2 V, Ta = 25°C and Vec2 = 20, 


one 24 V for MC75368'and | Vec2 = 16, Veo 20 V for MOSS. 


Vout | Vec2- 0.3} Vec2- 0.1 


| You | Vec2- 1.2] Voc2-0.9 
= Vec2- 1-0] Vec2- 90.7 
Vou4 | Voc2- 2.3} Voc2- 1.8 


loc 1(H} 


'CC2(H) 


1oc1(L) 


'ec2tL) 


IcC3(L) 
'EE(L) 


1CC2(H} 


1CC3(H) 


'cc2is) 


'ec3is) 
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Vcec2-9.3| Voc2-0.1 


Vcoc2- 1.2 | Voc2- 0.9 
Vec 10 Vec2- 0.7 
Vcec2- 2:3 Vec2- 1.8 


S 
a 


‘ . : ’ 


MC75368, MC75358 


SWITCHING CHARACTERISTICS, (Unless otherwise noted, Vocy = 5.0 V, Veg = -5.2 V, Ta = 25°C and Voce = 20 V for 
; MC75368 and V. = 16 V for MC75358) ; Yt : 


Delay Time — Low to High Output Logic Level 
(Voc3 = 24 V) 
(Voc3 =: 20 V) 
(Voc = 16 V) 


Delay Time — High to Low Output Logic Level 
(Voc3 = 24 V) 
(Voc3 = 20 V) 
(Voc3 = 16 V) 
Transition Time, Low-to-High Output Logic Level 
(Vecg = 24 V) 
(Vocg = 20 V) 
(Vocg = 16 V) 
Transition Time, High-to-Low Output Logic Level 
(Vcec3 = 24 V) 
(Voc3 = 20 V) 
(Voc3 = 16 V) 
Propagation Delay Time, Low-to-High Logic Level 
AVecg = 24 V) 
(Voc3 = 20 V) 
__-WVece3=16V) | 
Propagation Delay Time, High-to-Low Logic Lev 
(Voc3 = 24 V) 
(Voc3 = 20 V) 
(Voc3 = 16 V) 


el 


FIGURE 2 — SWITCHING TIMES TEST CIRCUIT 


To Scope 
(Input) 31.3V _d9y 


. To Scope (Output) 


aawnnoad 
° 
x 
anwunnne 


390 pF 
Generator 
(includes Probe 


and Jig 
Capacitance) > 


, Output 
The pulse generator has the (Vec3 = Vec2 + 4.0 V) 


following characteristics: 
PRR = 1 MHz. z, = 50 2. 
‘Duty Cycle = 50% - 
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APPLICATIONS INFORMATION 
x ; ~ MODES OF OPERATION 


FIGURE 4 — POSITIVE-NOR GATE 


A 

. Y 
Y =A+B 

FUNCTION TABLE. 

- INPUTS | OUTPUT 
CONFIGURATION Y 
_ L kL: Veg H 
Cat Veg : H X Vee t 

oe Fa xX H Veep L 


H — High Level, L — Low Level, X — Irrelevant 
-’ Vgg — Reference Supply voltage for MECL 10,000. 


- FIGURE 6 — NON-INVERTING GATE 


Yec 
FUNCTION TABLE 
INPUTS [ou 
CONFIGURATION 
A and B at Veg Ves Vest. 

Ves Ves 4 
A at Ves, } Vep LOL ; 
8 connected low Vee t H 
B at Veg. L Veg lL. 

Aconnected low L Veg 


4 


PUT 


Pee : 


The MC75368 and MC75358 are identical except that 
the MC75368 version has been selected for slightly higher 
voltage capability. The two devices are interchangeable in 
most applications. Both can operate over a wide range of 
Vec2 and Vcc3 supply voltages. 

: The need for four separate power supplies Vcc1, VCC2. 
~ Vec3 and VEE can be avoided in many, cases by tying 
Vcc2 to Vcc3. However, performance advantages can be 
obtained by connecting either one or both VCC pins to an 
additional power supply of higher voltage than Vcc. Both 
Vcc3 pins do not have to be held at the same voltage. For 
MECL-to-TTL level converter.applications both Vcc and 
VcCc3 are generally connected to a +5.0 V power source. 

By providing two out-of-phase (A and 8) inputs and 


one in-phase (C) input, each gate can be used as positive. 


NOR, or as a inverting or non-inverting gate. This 
flexibility is achieved by connecting an externally supplied 
MECL 10,000. Series reference supply voltage (VgB) to 


the appropriate input as shown in Figures 4 thru 6. An 


FIGURE 5 — DIFFERENTIAL MECL LINE RECEIVER 


C =A and/or B 
Y 
Cc 
. yec 


FUNCTION TABLE 
_INPUTS | OUTPUT 
CONFIGURATION Y 


FIGURE 7 — USE OF DAMPING RESISTOR TO REDUCE 
OR ELIMINATE OUTPUT TRANSIENT OVERSHOOT IN 
CERTAIN MC75358 AND MC75368 APPLICATIONS 


1 MC75358 | 
| or’ 1 
a MC 75368 
j ! Mos 
i 
| 
i 


oo se ser ce tas a ee Sat me are ee 


~ 4 tk-) 
is) 
BS 


Laine Seca Swe eed 
Note: Rp = 102 to 302 (optional) 


unused out-of-phase input should be tied low or connected 
to the other out-of-phase input of the same gate. The 
required Vgp voltage source may be obtained from 
MECL 10,000 Series devices such as the MC10115 line 
receiver, or by connecting the output of a MECL 10,000 
gate, like the MC10102, to the respective out-of-phase 
inputs (as an example connect pins 4 and 5 to 2 of the 
MC10102 to obtain a Vgp reference voltage). 

When driven differentially, the MC75368 and MC75358 — 
may be used as a differential MECL line receiver, without . 
the need for the Vg reference voltage. 

Undesirable output transient overshoot due to joad or 
wiring inductance and the fast switching speeds of the 
MC75368 and MC75358 can be eliminated or reduced by 
adding a small amount of series resistance, Thevalue of this 
damping resistance is dependent on specific load character- 
istics and switching speed but typical values lie in the 
range of 10 to 30 ohms. This is illustrated in Figure 7. 
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/MC75368,MC75358 


FIGURE 8 — 32K x 2 MEMORY BOARD (MECL SYSTEM) 


Data Valid 
1/2MC10171 . 1/2 MC10171 


Address A10. : 
“Address A114 
Write Enable ‘ 

a E_ 9 ; 

1/2 MC75358 or 

1/3 MC10177, — 


. MCM7001, 
"64 places DOout 


1/2 MC 75358 
16 places 


Data 
Output 


Address A12. 
Address.A13. 
Address A14 


D1out 
MCM7001, 


: 1/2 MC3461* 
— 8 places 


‘Latch Enable | : ; oft 
ees Connect to alt MCM7001’s rr. Connect to Connect to 
. Top Array (32K x 1) Bottom Array (32K x 1) 


1/2 MC 75358 
or 
1/3 MC10177, 
"12 Places 


Data Inputs 


AO. Al A2 AS A& AB AB AT AB AD D0in Din 


*To be announced ist Quarter 1975 
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MC75368,MC75358 


FIGURE 9 — 4K x 18 MEMORY BOARD (MECL SYSTEM) © 


HH | 
OO TTI 


L 
mn nee fee 
IIIa 

HEREC or [| | 
= ies ig | 
—— oe ee 
=> 
BI 
EIA 


| © | © QO O © Q) @) O O Or... 


rae 


ial 
== 
| 


re 
scence 
= ae 
MCM7001, 72 Places. 


1/2. MC3461, 18-Places* 


MC10161 


a ee ae ee a ce 
= - oo. - 7 gy. 
Po. BS OF AO! - i O82 8 3 
. ° BS 
D> 4 
gee, R ae 
2= ‘ >. ; 
eg2% $$ -~ Wo ER 
a oOo Oo ¢ nw 64S ao 
Be Bao 
20 § 
Zig O28 e |p titi tt a eck 
eit tty 8 3 Address, Data and Write Enable Drivers ~ “a. 6° 
alan 3 8{a c a (Use 1/2MC75358 or 1/3MC10177, 30 places) WW ge. 
eig 92/8 w 8 : : P' zs % 
ule 3 Blu 6 |é 2 
og . 
se] <q P A La: pay oO 
3 s “J Oc on Oo On nN € 
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ORDERING INFORMATION 


Device | Temperature Range Package ] 
MC75450L 0°C to +70°C ~~. —S— Ceramic DIP 
MC75450P 0°C to +70°C Plastic DIP MC75450 


DUAL PERIPHERAL 
POSITIVE “AND” DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


a 


DUAL PERIPHERAL | 
POSITIVE “AND” DRIVER 


The MC75450 is a versatile device designed for use as a general- 
purpose dual interface circuit in MDTL and MTTL type systems. 
This device features two standard MT‘TL gates and two noncommitted, 
high-current, high-voltage NPN transistors. Typical applications in- 
clude relay and lamp drivers, power drivers, MOS and memory 
drivers, 


L SUFFIX P SUFFIX 
MDTL and MTTL Compatibility CERAMIC PACKAGE = PLASTIC PACKAGE 
300 mA Output Current Drive Capability eae He eck ea 


(each transistor) 


Separate Gate and Output Transistor for Maximum Design 
Flexibility 


High Output Breakdown Voltage: 


VCER = 30 Volts minimum SUB- 


Veco 2A 2Y 26 2C 2€ STRATE 


MAXIMUM RATINGS (T, = 0 to +70°C untess otherwise noted) 

Foner uppy Volap (Seow) Veo 

inaut vonage ee Now Vin 
ene) 


G 1A 1¥Y 18 16 #1€ GNO 


Positive-Logic: Y = AG (gate onty) : 
C = AG (gate and transistor) 


CIRCUIT SCHEMATIC 


[conscorBae Vor ids 
[ oecorEmiver Voge SeeNow | Vor 


Plastic and Ceramic Dual In-Line Packages 


Derate above Ta = +25°C 


Power Dissipation (Package Limitation) ee : 


Vcc 
~. Vin ‘ 
_ Vos 
_ VCE 
VEB 
Operating Temperature Range Ta 
Storage Temperature Range : -65 to +150 


. . Voltage values are with respect to network ground terminal. ; 

.. This vatue applies when the base-emitter resistance (Rge) is equal to or less 
than 500 ohms. aon 

. Both halves of these dual circuits may conduct the rated current simultane- 
ously. 
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-—MC75450 


RECOMMENDED OPERATING CONDITIONS (See Note 4) 


[Characteristic | Symbot_ [Min [Nom [Max [Unit] 
[Supply Vote ce | ts 0 | | vee | 


Note 4. The substrate, pin 8, must always be at the most negative device voltage for proper operation. 


_ ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C unless otherwise noted.) 


se em | De Dm Ta 
MTTL GATES ; 
Hig -Level input Voltage 


” High- ‘caval eee Voltage 
(Voc = 4.5 V, ViL = 0.8 V, IoH =-400 WA) 


Low-Level Output Voltage a 
(Voc = 4.75 V, Ving = 2.0 V, lot = 16 mA) 


High-Level !nput Current 
(Voc = 5.25 V, Vin = 2.4 V} 


(Vcc = 5.25 V, Vin = 5.5 V) 


Low-Level input Current 
(Voc = 5.25 V, Vin = 0.4 V) 


Short-Circuit Output Current** * 
(Voc = 5.25 V) 


Supply Current 
High-Level Output (Vcc = 9.25 v, Vin = 0) 
- Low-Level Output (Vcc = 5.25 V, Vin = 5.0 V) 


Input Clamp Voltage ane = 4.75 V, lin = =12 mA) 


Collector-Base Breakdown Voltage 
‘(ic = 100 BA, ig = 0) 


Collector-Emitter Breakdown Voltage - 
(Ic = 100 wA, Ree = 500 ohms) 


Emitter-Base Breakdown Voltage 
(te = 100 uA, Ic = 0) | 


Static Forward Transfer Ratio (See Note 5) 
(Voce = 3.0 V, Ic = 100 mA, Ta = +25°C) 
(VcE = 3.0 V, Ic = 300 mA, Ta = +25°C) 
(Veg = 3.0 V, Ic = 100 mA, Ta = 0°C) 
(Voge. = 3.0 V, Ic = 300 mA, Ta = 0°C) 

Base-Emitter Voltage (See Note 5) 

(tg = 10 mA, Io = 100 mA) 
(Ig = 30 mA, Ic = 300 mA) 


Collector-Emitter Saturation Voltage (See Note 5) 
(Ig = 10 mA, I¢ = 100 mA) 
(Ig = 30 mA, Ic = 300 mA) 


Note 5. These parameters must be measured using pulse techniques; ty = 300 us, duty cycle = 2%, 
* All typical values at Voc = 5.0 V, Ta = +25°C. 
**Not more than one output should be shorted at a time. 
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SWITCHING CHARACTERISTICS (Voc = 5.0V, TA = - 426°C unless otherwise noted.) 


Characteristic: 


MTTL GATES 


Propagation Delay Time (CL = =15 pF, RL= 400 ohms) 
Low-to-High-Level Output 
High-to-Low-Level Output 


OUTPUT TRANSISTORS 


Switching Times (ic = 200 mA, 1g(1) = 20 mA, ip(2) = -40 mA, 
VBE (off) =-1.0 V, Cy = 15 pF, RU = 50 ohms) 
"Delay Time 
Rise Time 
Storage Time 
Fall Time 


GATES AND TRANSISTORS COMBINED # 
' Propagation Delay Time (ic = 200 mA, Cy = 15 pF, Ry = 50 ohms) 
Low-to-High-Level Output 
High-to-Low Level Output 
Transition Time * (1c = 200 mA, C, = 15 pF, Ry. = 50 ohms) 
Low-to-High-Level Output 
High-to-Low-Level Output 


#Voltage and current values are nominal; exact values vary slightly with transistors parameters. 


DC TEST CIRCUITS FOR MTTL GATES 


5 FIGURE 1— Vin. VoL : FIGURE 2 — Vit, VoH 


Both inputs are tested simultaneously. : ‘ Each input is tested separately, 


(Arrows indicate actuai direction of current flow. Current into a terminal is a positive value.) 
FIGURE 3— ty FIGURE 4 — lit. Vin 


45V Vec 


@ OPEN OPEN 


Each input is tested separately. ; = Each input is tested separately. 
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DC TEST CIRCUITS FOR MTTL GATES (continued) 


FIGURE 5 — Ios FIGURE 6 — IccH. Icce 


Vcc 


OPEN 


Cu 
SUBSTRATE 


Each gate is tested separately Both gates are tested simultaneously. 


(Arrows indicate actual direction of current flow. Current into a terminal is a positive value.) 


FIGURE 7 — PROPAGATION DELAY TIMES, FACH GATE 


ey YES output *8.0V 


INPUT 
Ry = 400 


1N3064 


PULSE 
GENERATOR 
(See Note A) 


OR EQUIV 
C. = 15 pF 
(See Note B) 


‘NOTES: ‘A. The pulse generator has the following characteristics: ty, = 0.5 us, PRR = 1.0 MHz, zg © 50 2. 
B. Cy includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 


OUTPUT 


5-309 


MC75450 


TEST CIRCUITS (continued) . 
FIGURE 8 — SWITCHING TIMES, EACH TRANSISTOR 


10V 


OUTPUT 


INPUT 
CL 15 pF 


ik (See Note B) 


PULSE 
GENERATOR 
(See Note A) 


SUBSTRATE 


NOTES: A. The pulse generator has the following characteristics: ty, = 0.3 us, duty cycle S < 1%, %~50N. 
B. Cy includes probe and jig capacitance. , 


VOLTAGE WAVEFORMS 


3.0 V 
INPUT 


OUTPUT 


FIGURE 9 — SWITCHING TIMES, GATE AND TRANSISTOR 


\: 10V 


OUTPUT 


= 15 pF 

eens a a a a ie ions Note B) 
PULSE 

GENERATOR 


(See Note A) es ee eee | 


NOTES: A. The pulse generator has the following characteristics: ty = 0.5 us, PRR = 1.0 MHz, zo £50. 
B. Cy includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 


INPUT 


5-310 


_ ORDERING INFORMATION _ 


Temperature ) ae it 
Device Alternate Range ; pecnege -—______— —— 
Moai ob Ca 0e. 6. Caank DIE: MC75451 
MC75452P SN75452BP O°C to +70°C Plastic DIP MC7545 2 
MC75452U — 0°C to +70°C Ceramic DIP gl 
~ MC75453P SN75453BP O°C to +70°C Plastic DIP MC 7545 3 
MC75453U ~— 0°C to +70°C Ceramic DIP ee 
MC75454P SN75454BP O°C to +70°C Paste DIP. . | MC754 94 


» MC75454U 0°C to +70°C. 


DUAL . 
PERIPHERAL DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


DUAL PERIPHERAL DRIVERS 


These versatile ‘devices. are useful for interfacing digital logic to 
industrial electronic systems. They are useful as lamp drivers, relay © 
drivers, logic buffers, line drivers, or MOS drivers. 

Each of these devices consists of a pair of MTTL gates with the 
‘output of each gate internally connected to the base of a transistor. 

MC75451 provides the AND function ; 


MC75452 provides the NAND function 
MC75453 provides the OR function 
MC75454 provides the NOR function 
“@ 300mA Output Current Capability 
@ Output Breakdown Voltage — 30.V Min 


P SUFFIX 
PLASTIC PACKAGE 
. CASE 626 


U SUFFIX 
CERAMIC PACKAGE 


@ MTTL. compatible Inputs 
: : CASE 693 


MC75451 — Positive AND MC75452 ~— Positive NAND 


TRUTH TABLE TRUTH TABLE 


Pape toy. 
| 
Pt It Hon seer | 
PH [R Potr state | 


high level, L = low level. 


TRUTH TABLE | 


Bi cee aha | 


Y 
H (‘off'’ state) 


L ("on” state) 


8 | 
L'U’on’ state) | © 


. H = high level, L = low fevel. 


~H.- high level, & ~ low level 


1v 


Positive Logic: Y= A+ 8 Positive Logic: Y= A+B 
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_ MC75451, MC75452, MC75453, MC75454 


= 0°C to 70°C unless otherwise noted.) 


MAXIMUM RATINGS (Ta 


_ Power Dissipation @ Ta = 25°C 
Derate above Ta = +25°C 


(1) Voltage values are with respect to network ground terminal. 

(2) This is the voltage between two emitters of a multiple-emitter transistor. 

(3) This is the maximum voltage which should be applied to any output when it 
is in the off’ state. 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 > Vcc > 5.25 V and 0°C < Ty < 70°C) 


Input Clamp Voltage vi -1.2 Vde 
(Vcc = 4.75 V, 1) = -12 mA) ; 


E 
Q 
co) 


Output Current — High Logic State 
(Voc = 4.75 V, Vox = 30 V, Vix = 2.0 V) MC75451, MC75453 
MC75452, MC75454 


(Voc = 4.75 V, Vou = 30 V, Vit = 0.8 V) 
Output Voltage. — Low Logic State 


(Voc = 4.75 V, Viz_ = 0.8 V) MC75451, MC75453 
(Voc = 4.75 V. Vip = 2.0 V) MC75452, MC75454 
Wo = 100 mA) 
(lo = 300 mA) 


tnput Current ~ High Logic State 

(Voc = 5.25 V, Vy, = 2.4 V) 
(Voc = 5.25 V, Vj = 5.5 V) 
Input Current — Low Logic State 


Mee 
(Voc = 5.25 V, Vy = 0.4 V) : 


Power Supply Current — Output High Logic State 


(Ve = 5.25 V, Vy = 5.0 V) MC75451 
(Vcc = 5.25 V, Vy = 0) MC75452 
(Voc = 6.25 V, V; = 5.0 V} MC75453 


(Vcc = 5.25 V, Vy = 0) ‘ MC75454 
Power Supply Current — Output Low Logic State 


(Voc = 5.25 V, Vj = 0) MC75451 
(Ve = 5.25 V, Vj = 5.0 V) MC75452 
(Voc = 5.25 V, Vj = 0) MC75453 


ay oO 
; o i?) 
- ok 
aDIN 
wHo-0 
ong N=h = . 
3 3 


(Vec = 5.25-V, Vj = 5.0 V) MC75454 
(1) Typical Values Measured with Vcc = 5.0 V, Ta = 25°C. 


TEST CIRCUITS 


(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.) 


FIGURE 1— Vox; FIGURE 2 — Ion, 
Vin — MC75452 and MC75454 Vin — MC75451 and MC75453 
Vit — MC75451 and MC75453 Vit — MC75452 and MC75454 


Vec 


MC75452 


ao MC7S8451 “AK : Vv 
MC75454 OH 


MC75451 
Vin | 
or 
Vie ad 
~ 
MC75454 


MC75452 . 
_MC75453 


Vin or Vie 


|-— 
Ei 


MC75453 . = = 


: *See Page 1 for specific gate type. ; Each input is tested separately. - 
(AA) MOTOROLA Semiconductor Products Inc. 


4 
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MC75451, MC75452, MC75453, MC75454 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = +25°C unless otherwise noted.) 
Characteristic TT Set] Test Fig. | Min [tye [Max | Uni] 

‘| Propagation Delay Time __ . 
(Io © 200 mA, C_ = 15 pF, Ry, = 50 ohms) 
MC75451 

Low-to-High-Level Output 
High-to-Low-Level Output 
MC75452 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75453 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75454 
Low-to-High-Level Output 
High-to-Low-Level Output 
Transition Time 
(Ig © 200 mA, CL = 15 pF, Ry = 50 ohms) 
MC75451 . 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC 75452 
Low-to-High-Levef Output 
High-to-Low-Level Output 
MC 75453 
Low-to-High-Levet Output 
High-to-Low-Levei Output 
MC 75454 
Low-to-High-Levet Output 
High-to-Low-Level Output 


TEST CIRCUITS (Continued) 
(Current into terminal is shown as a positive vatue. 


FIGURE 3— Ny Arrows indicate actua! direction of current flow.) FIGURE 4 - 1i,.V; 
(ALL DEVICE TYPES) (ALL DEVICE TYPES) 
Vv MC75451 4svVec Op 
pig sai MC75452 a 
MC75453 ———. 
MC75454 yj) => 


Each input is tested separately. a ‘ 


Each input is tested separately. 


_ FIGURE 5 — Iccu. tect 
- ' (ALL DEVICE TYPES) 


, : Voc Open 


MC75453 
MC758454 


*See page 1 for specific gate type. ‘ ‘Both gates are tested simultaneously. . 
(AA) MOTOROLA Semiconductor Products Inc. 
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“ 


1MC75451, MC75452, MC75453, MC75454°— 


- FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


2.4. 04v S5.0 ns 
; MC75452 
MC75453 , and 


MC75451 


MC75454 ~ MC75454 
MC 75452 Vee 10 V Input ; Ov 
To Scope 
(Input) 50 
To Scope <S.0 ns 
(Output) . input 3.0V 
Pulse , : 
Generator st ale pF 
(See Note A) ee Note a Mc75451 an 
and 
t. +. . MC75453 é 
- aa Vou 
NOTES: A. Pulse generator characteristics: ty = 0.5 us, 
PRR = 1.0 MHz, 29 ~ 50 2 Output { 
B. C, includes probe and test fixture capacitance. All VoL’: 
* Types ; 


REPRESENTATIVE SCHEMATIC DIAGRAMS 
: (1/2 Circuits Shown) 


MC75451 MC75452 


MC75453 eae? & MC75454 


‘Circuit diagrams utilizing Motorola products are included as a-means.. is believed to be entirely reliable. However, no responsibility. is 
of illustrating typical semiconductor applications; consequently, _. assumed for inaccuracies... Furthermore, such information does not 
complete information sufficient for construction purposes isnot © convey to the purchaser of the semiconductor devices described any. . 
necessarily given. The information has. been carefuily checked and license under the patent rights of Motorola Inc..or others. : 


* (AA) MOTOROLA ‘Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature Range Package . - 
wrest «SETH | ume ‘MC75461 
MC75462P 0°C to +70°C ~—S—Plastic DIP MC 75462 
MC75462U 0°C to +70°C Ceramic DIP : 
MC75463P 0°C to +70°C —~Plastic DIP MC75463 
MC75463U OC to +70°C Ceramic DIP is 
coi GSES tate MC75464 


DUAL HIGH-VOLTAGE 
PERIPHERAL DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


DUAL HIGH-VOLTAGE PERIPHERAL DRIVERS | 


The MC75461 thru MC75464 series is similar to the MC75451 
thru MC75454 series peripheral drivers; however, the MC75461 
series features greater voltage capability allowing operation with 
higher output voltages or with inductive loads. These devices are 
useful as lamp drivers, relay drivers, logic buffers, line drivers, or 
MOS drivers, ; 

' Each of these devices consists of a pair of MTTL gates with the 
‘output of each gate internally connected to the base of a transistor. 


MC75461 provides the AND function 
MC75462 provides the NAND function 
MC75463 provides the OR function 
MC75464 provides the NOR function 


@ 300 mA Output Current Capability 
®@ No Output Latch-up at'30 V 
@ MTTL compatible, Inputs 


U SUFFIX 


CERAMIC PACKAGE 
CASE-693 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 — 


MC75461 — Positive AND 


‘TRUTH TABLE 


a 

7 

on 
‘on"! 


TRUTH TABLE 
Rel ie 
PC fe Won" states | 
Pe [ # Ie ron states _| : 
PA ft [et on stare)_| 


= high tevel, L = low level, 


H = high level, L = jow level 


1Y¥ GND 
Positive Logic: Y = AB 


MC75464 — Positive NOR 


t 


Vcc 28 2A: 2Y 


}e } 47 | 46] 


TRUTH TABLE 


TRUTH TABLE 


PB ee eeel 
c 
THT ont aa 


Ped ye), 
pH | & Con” state) | 
| 
Pa Le on sate] 


H.= high level, L = low level H = high level, L = low level: 
1A 1B 1Y¥ © GND 


Positive Logic: Y= A+B Positive Logic: Y= A+B 
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MC75461, MC75462, MC75463, MC75464 


MAXIMUM RATINGS (Ta = 0°C to 70°C unless otherwise noted.) e 


Power Dissipation @ Ta = 25°C 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 
Storage Temperature Range 


(1) Voltage values are with respect to network ground terminal. 

(2) This is the voltage between two emitters of a multiple-emitter transistor. 

(3) This is the maximum voltage which should be applied to any output when it 
is in-the off’ state. ‘ 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 = Voc = 5.25 V and 0°C <Ta <70°C) 


TS 


tnput Voltage — High Logic State 
Input Voltage — Low Logic State , | 12 [ Ve] - | 


Output Current — High Logic State 
(Voc = 4.75 V, Vou = 35 V, Vip = 2.0 V) MC75461, MC75463 
(Vcc = 4.75 V, Von = 35 V, Vi_-= 0.8 V) MC75462, MC75464 


|} Output Voltage — Low Logic State 


(Voc = 4.75 V, Vi = 0.8 V) '  MC75461, MC75463 
(Voc = 4.75 V, Ving = 2.0 V) MC75462, MC75464 
lot = 100 mA : 


loL = 300 mA 
Input Current — High Logic State 
(Voc = 5.25 V, V) = 2.4 V) 
(Vcc = 5.25 V, V, = 5.5 V) 


Input Current — Low Logic State he 
(Vec = 5.25 V, Vy = 0.4 V) : 


Power Supply Current — Output High Logic State 


(Voc = 5.25 V, Vip = 5.0 V) MC75461 
(Vcc = 5.25 V, Vit = 0) MC75462 
(Voc = 5.25 V, Vip =5.0V) > MC75463 


(Voc = 5.25 V, Vit = 0) MC75464 


Power Supply Current — Output Low Logic State 


(Voc = 5.25 V, Vi, = 0) MC75461 
(Vec = 5.25 V, Vin = 5.0 V) MC75462 
(Voc = 5.25 V, Vit = 0) MC75463 


(Voc = 9.25 V, Vin, = 5.0 V) MC75464 
(1) Typical Values Measured with Vcc = 5.0 V, Ta = 25°C 


TEST CIRCUITS 


(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.) 


FIGURE 1 — Vo- x FIGURE 2—!0H- 
Vin ~ MC75462 and MC75464 ; Vins — MC75461 and MC75463 
Vit — MC75461 and MC75463 ‘ Vit — MC75462 and MC75464 
Vec 
MC75461 MC75462 
lon 
micas ‘ MC75461. 
Vik MC75464 
or 
Vit if 
MC75464 | | 7 Vin or Vie 
Mc75462 a = OS lU6S MC75463 
. MC75463 ‘ F 
*See Page 1 for specific gate type. Each input is tested separately. 


(AA) MOTOROLA ‘Semiconductor Products Inc. 
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MC75461, MC75462, MC75463,MC75464—ti«(i«j 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = +25°C unless otherwise noted.) = 


Propagation Delay Time . 
(Iq * 200 mA, CL = 15 pF, Ry = 50 ohms) 
MC75461 

Low-to-High-Level Output 
High-to-Low-Level Output 
MC75462. : 
‘Low-to-High-Level Output 
High-to-Low-Level Output 
MC75463 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75464 
Low-to-High-Level Output 
High-to-Low-Level Output 

Transition Time 
(I9 © 200 mA, Cy = 15 pF, Ry = 50 ohms) 
MC75461 

Low-to-High-Level Output 
High-to-Low-Level Output 
MC75462 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75463 
- Low-to-High-Level Outout 
High-to-Low-Level Output 
MC75464 
Low-to-High-Level Output 
High-to-Low-Level Output 

Output Voltage — High Logic Level after Switching (Latch-up Test) 

(Vg=30V Io ‘x= 300 mA) 


TEST CIRCUITS (Continued) 
(Current into. terminal is shown as a positive value. 


FIGURE 3— lH Arrows indicate actual direction of current flow.) FIGURE 4 — WV} 
(ALL DEVICE TYPES) {ALL DEVICE TYPES) 
Vv /  MC75461 ° 45VV 
cc Open - MC75462 en cc Open 
MC75463. ——» 
MC75464 


Each input is tested separately. Bie t 


Each input is tested separately. 


FIGURE 5 — IccuH. Ico 
(ALL DEVICE TYPES) 


Vee Open 


- MC75461 


MC75462 


MC75463 
MC75464 


"See page 1 for specific gate type. ’ Both gates are tested simultaneously. 


: (AA) MOTOROLA Semiconductor Products Inc. 
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MC75461, MC75462, MC75463, MC75464 - 


FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


24V 


MC75463 


0.4V 
| MC75464 
Vec 10V 


50 


MC75461 
MC75462 


To Scope 
Input 
tinpus) To Scope. . 


(Output) S5.0 ns 10 ns |: 


: MC75462 
CL = 15 pF" and 
{See Note 8) MC75464 
: input 


Pulse 
Generator 
(See NoteA) 


Ov 


NOTES: A. Pulse generator characteristics: ty, = 0.5 us, 
PRR = 1.0 MHz, z_ ~ 50 2 <Sons 


B. Cy includes proba and test fixture capacitance. Input 3.0 V 


MC75461 
and 
MC75463 


ov 


VOH 


Output 
All 
Types 


Vor 


FIGURE 7 — OUTPUT. VOLTAGE AFTER SWITCHING TEST CIRCUIT AND WAVEFORMS 


(LATCH-UP. TEST) 
' Vg =30V 
To Scope 0.4 V 5.0V 2mH 
(Input) 2.4V 1 N3064 
MC 75463 or Equiv 100 2 
MC75 : 
oma ee To scope 
(Output) 
Pulse . 
Generator 
(See Note A) = 15 pF 
(See Note B) —~+ ~— <5ns —-+|" -— <10ns 


Input i 
MC75461 90% 

and : 

‘ : : ” = i MC75463 > 


‘ Input 
. : n MC75462 

’ : : and 
: me7saea 10% 
, Output 
All Types 


v 
*See Page 1 for specific gate type. OH 


foi atest VoL 


' . ; ; NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zou, = 60 2 
B. C_ inciudes probe and jig capacitance. : 


Oy MOTOROLA Semiconductor Products Inc... 
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MC75461, MC75462, MC75463, MC75464 


REPRESENTATIVE SCHEMATIC DIAGRAMS 
(1/2 Circuits Shown) 


MC75461 ; MC75462 


MC75463 : MC75464 


oVcc 


(AK) MOTOROLA Semiconductor Products Inc. . 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC75491P 0°C to +70°C Plastic DIP 


MC75492P _— 0°C to +70°C _ Plastic DIP 


Specifications and Applications 
Information 


QUAD LED SEGMENT DRIVER — MC75491 
HEX LED DIGIT DRIVER — MC75492 


The MC75491 and MC75492 are designed to interface MOS logic 
to common cathode light-emitting diode readouts in serially ad- 
dressed multi-digit displays. Using a segment address and digit scan 
LED drive method in a time multiplexing system results in a 
minimizing of the number of required drivers. 

Low Input Current Requirement for MOS Compatibility 

Low Standby Power Drain 

Source or Sink Current Capability of 50 mA for MC75491 

Sink Current Capability of 250 mA for MC75492 

Four High-Gain Darlington Drivers in a Single Package — MC75491 

Six High-Gain Darlington Drivers in a Single Package — MC75492 - 


MC75491 CIRCUIT SCHEMATIC. 
(1/4 Circuit Shown) 


Vss O 


es Eee ee ae 


" MC75492 CIRCUIT SCHEMATIC 
(1/6 Circuit Shown) 


| 
Pp *s —> Daivens 
| | 


MC75491_ 
-MC75492 


MULTIPLE 
LIGHT-EMITTING DIODE (LED) 
DRIVERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


1 


CONNECTION DIAGRAMS 


MC75491 


MC75492 


MC75491, MC75492 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Input Voltage (See Note 2) 


Po | 

y | -5.0 to Vgs | 
| Coltector Voltage (SeeNote3) tt 
| Coltector-to-Emitter Voltage Tce tie 
[| Collectorto-input Voltage ve tt 
as 
Emitter-to-Input Voltage | = | 
T stg 


Continuous Collector Current (Each Collector) 
’ (All Collectors) 
Power Dissipation (Package Limitation) 
Ceramic and Plastic Dual In-Line Packages 
= +25°C 


Operating Temperature Range __. 


“250 
600 
fee 6.6 . ; 
| Taig | -65 to +150 


Note 1. Vgg terminal voltage is with respect to any other device terminal. , 
Note 2. With the exception of the inputs, the GND terminal must always be the most negative device voltage for proper operation. 
Note 3. Voltage values are with respect to GND terminal unless otherwise noted. 


Derate above Ta 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vgg = 10 Vde, Ta = 0 to +70°C unless otherwise noted.) 


Low-Level Gollector-to-Emitter Voltage 
(Vin = 8.5 V thru 1.0 k&, lo, = 50 mA, 
Ve = 5.0 V) : 
- . Ty = +25°C 
Ta = Oto +70°C 


High-Level Collector Current 
" VcH = 10 V, Ve = 0, tin = 40 nA 
Vou = 10 V, VE = 0, Vin = 0.7 V 
Low-Level Output Voltage 
(Vin = 6.5 V thru 1.0 k2, !oy = 250 mA) 
Tap = +25°C 
Ta = Oto +70°C 
High-Level Output Current 
VOH = 10 V, lin = 40 vA 
VOH = 10 V, Vin = 0.5 V 


Input Current at Maximum Input Voltage 
Vin = 10 V, loy = 20 mA 


Emitter Current — Reverse Bias 


ic = 0, Vin = 0, Ve =5.0V 


Bias Supply Current (Vgg = 10 V) , 


SWITCHING CHARACTERISTICS (Vgg = 7.5 V, Ta = +25°C unless otherwise noted.) 


Propagation Delay Time, High-to-Low Level! , ae 


Ri = 200 2, Vin = 4.5 V,Cy = 15 pF, VeE=0 

Rz_ = 39.9, Vip = 7.5 V, CL = 15 pF 
Propagation Delay Time, Low-to-High Level 

CL = 15 pF, Ve = 0,R_ = 200 Q, Vip_ = 4.5 Vde 

Cy = 15 pF, Rx = 39 2, Vin = 7.5 Vde 


“To coHector output. 
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- MC75491, MC75492 


Vcelon), COLLECTOR-TO-EMITTER VOLTAGE (Vdc) 


TYPICAL CHARACTERISTICS 
(Vs = +10 Vde, Ta = +25°C unless otherwise noted.) 


MC75491 
FIGURE 1 ~ COLLECTOR CURRENT versus INPUT VOLTAGE 


Ig, COLLECTOR CURRENT (mA) 


Vin, INPUT VOLTAGE (Vdc) 


FIGURE 3 ~ COLLECTOR CURRENT versus INPUT CURRENT 


eee 
a es Hs crv RE 


ic, COLLECTOR CURRENT {mA) 
ww 
=) 


lin, INPUT CURRENT (uA) 


FIGURE § — COLLECTOR-TO-EMITTER VOLTAGE (ON) 
versus COLLECTOR CURRENT 


| | 
—— 
——— 
er ae 
ae ae ae 
oe ee 
ek es hi 
eae 
el ae 
td 


Ic, COLLECTOR CURRENT (mA) 


x ut 
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MC75492__ 
FIGURE 2 — OUTPUT CURRENT versus INPUT VOLTAGE 
250 


Ip, OUTPUT CURRENT (mA) 


Vin. INPUT VOLTAGE (VOLTS) 


FIGURE 4 ~ OUTPUT CURRENT versus INPUT CURRENT 


ig, OUTPUT CURRENT (ma) 


100 150 250 350 400 
tin, INPUT an RENT (uA) 


FIGURE 6 ~ OUTPUT VOLTAGE LOW versus OUTPUT CURRENT - 
10 


08 


| 
eer A 
G2 a a 
Se BE a a 


oF 50 150 250° 
10. nistptt CURRENT lanl. 


VOL, OUTPUT VOLTAGE LOW (Vdc) 
i—J 
$ «o 


MC75491, MC75492 


lin, INPUT CURRENT (mA) 


TYPICAL CHARACTERISTICS and — 
SWITCHING TIME CIRCUITS 


FIGURE 7 — MC75491/MC75492 INPUT CURRENT 
versus INPUT VOLTAGE 


Vgg=10V 
Ve = 0(MC75491) 
RL = 2202 to 10V 


Pulse 
Generator 
(See Figure 9) 


Vin, INPUT VOLTAGE (Vdc) 


FIGURE 9 — SWITCHING WAVEFORM DEFINITIONS 


i 
| 
tTLH <10ns re— trot. <10ns 


_ Input 


‘ Pulse 
Generator 
(See Figure 9) 


| 
PHL — bom 


The pulse generator has the following characteristics: 
% = 502, PRR = 100 kHz, PW = 1.0 us. 


TYPICAL APPLICATIONS. . 
FIGURE 11 — QUAD-OR-HEX RELAY DRIVER 


- -MC75491 
or 


MC75492 


(MC75491 
only) 
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FIGURE 8 — MC75491 SWITCHING CIRCUIT 


GND (Cy. inctudes probe and 
_ jig capacitance.) 


Vee 


RL =392 


Output | 


Tee 


GND (Cx includes probe and 
jig capacitance.) 


FIGURE 12 — OUAD-OR-HEX LAMP DRIVER 


E. 
(MC75491 only) 


~MC75491, MC75492_ 


TYPICAL APPLICATIONS (continued) 


FIGURE 14 — QUAD HIGH-CURRENT NPN 
‘TRANSISTOR DRIVER 3 


FIGURE 13 — MOS-TO-MTTL LEVEL TRANSLATOR 


MC75491 


Output 
To. MTTL 


FIGURE 15 — QUAD-OR-HEX HIGH-CURRENT . 
PNP TRANSISTOR DRIVER 


MCc75491 
or 
MC75492° 


(MC75491 


onl 
” (MC75491 


VEE only) 


(Suitable for use with common-anode VLED displays) — 


8 (1/4 MC75491 Circuit) = 
2 Packages 


Calculator 
Chip 
Multi-Digit LED 
Display 
(N Digits) 


; N(1/6 MC7S492 Circuit) = [ 
; ; ; _ 2 Packages if N = 12 


This example uses time multiplexing of the individual digits in'a visible display to minimize display 
circuitry. Up to twelve digits, each of which use a seven-segment display with decimal! point, may 
be displayed using only two Mc75491 and two MC75492 drivers. 


5-324 


MC75491, MC75492 


TYPICAL APPLICATIONS (continued) 


FIGURE 18 — STROBED “NOR” ORIVER 


2-MC75491 
Circuits 


Ry = Lamp or Relay 


MC75491 
or 
Strobe _ MC75492 
Input 
(MC75491 
only) 


Speed/Direction 
Control 


1N4001 
or Equiv 
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‘ORDERING INFORMATION" — 
MCC1486 0°C to +70°C Chip Only : 
MCC1487 °C to +70°C _ Chip Only MCC1486 


—-MCC1487 


_ Advance Information . 


QUAD LED DIGIT DRIVERS 


The MCC1486/MCC1487 consists of four (4) medium current 
(70 mA) CMOS. compatible digit drivers. Each circuit has been 
specially designed for use with digital watch display applications 
employing demand display CMOS watch circuits, or other applica- 
tions requiring CMOS or equivalent input compatibility. Both are 
designed to serve as digit drivers for driving 4-digit common cathode 
LED watch displays. Each driver serves as a current sink for a 
particular digit cathode, providing convenient time multiplex 

. Operation. The time-multiplexed display system allows a single 
driver to serve as a current sink for all segments of a particular digit, 
resulting in a significant decrease in. interface circuit requirements. 

The MCC1487 differs from the MCC1486 in that a two-stage 
high-gain driver circuit is used. The increased gain of the MCC1487 
circuit permits operation with very low output current CMOS watch 
circuits. Also, the MCC1487's improved input threshold (approxi- 
mately 2 Vge) provides greater immunity to characteristic CMOS 
output leakage currents. Together, the increased gain and improved 
input threshold allows use of relaxed watch chip specifications and a 
more stable, noise free operation. , 


QUAD LED DIGIT 
DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Vss 
(MCC1487 only) 
Avaitabie in Chip Form Only 
~1 Suffix Indicates Muitiples of 10 
_ =2 Suffix Indicates Multiples of 100 
MCC1487 Metal Pattern Shown. Pad Locations 
Same For Both Devices. 


Vi. 
[Tag [6510 +180], PC 


MCC1486 

-MCC1487 
Digit 
Driver 


Common 
Cathode 
LED 
Disptay 


Drivers 


"|. CROSS REFERENCE 


BOMAR B8D5030 — MCC1486_ 
BOMAR 8D5031 ~ MCC1487 


This is advance information and specifications are subject to change without notice. 


\ 
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_MCC1486, MCC1487 


- ELECTRICAL CHARACTERISTICS 


~~ MCC1486 
Ate te Characteristic | 


Output Voltage — Low Logic State 
(Vj = 1.2'V, I9.= 70. mA) 
(1) = 840 uA, 19 = 56 mA) 
(V1 = 2.0 V) Ig = 70 mA, Vgg = 3.0 V). 
Output Current — High Logic State 
(Total of all Outputs) 
. (Vy =0.2V, Vg =3.0 V) 
{V| = 0.2 V,VQ=Vgg = 3.0 V) 
Input Current — On State 
(vps 1.2) 
(Vy = 2.0 Vv). 
Input Current — Off State 
(Vp = 0.2 V). 
(Vy sO5V) | 
| FPower Supply Current: 
.-(Vyp=2.0V, lg =.70 mA, Vgg = 3.0 V) 
Propagation Delay Time : 
Low to High State Output 
High to-Low State Output 


FIGURE 3 — SWITCHING TEST CIRCUIT AND WAVEFORMS 
(For Reference Only) 


& 


t= 1.0 ps 

ee “‘y t, = 1.0us 
(Not Used-On ss : 
MCC 1486) of ‘ 2.0 Vde x 


Vi 50% 
(50 Q Source) ° 
: 0.2 ms . 
TL 10% 9S VV cee F 
sane Vo 04v » 4 
f O06 V. 3 
tPLH -o 
, CHIP OUTLINE DIMENSIONS 
Pad Location Dimensions 
Referenced to Center Line — —~ 0.0332 
. ef Pad V 
oF Pad Vin je 0.0092 
0.0030 Yoo 


'Voa 


: ! ; ; Die Size is . 
MCC 1487 metal pattern shown. “ Mgg (Not Used With -0.044 x 0,044 Nominal 

Pad locations same for both devices. 0.0105 — mcc14g6) - "Oxide Free Bonding 
cP. ee _— : he 0.0332 5 i __ Area is 0.046 x 0.0046 


errs (AA) MOTOROLA Semiconductor Products inc. 
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- ORDERING INFORMATION 
Device Temperature Range Package 


MMH0026G —55°C to +125°C Metal Can 

MMHO0026L —55°C to +125°C Ceramic DIP 
MMH0026U —58°C to +125°C Ceramic DIP 
MMH0026CG 0°C to +70°C Metal Can 

MMHO0026CL 0°C to +70°C Ceramic DIP 
MMHO0026CP1 o°c to +70°C Plastic DIP 
MMH0026CU 0°C to +70°C Ceramic DIP 


Specifications and Applications 
Information . 


DUAL MOS CLOCK DRIVER 


... designed for high-speed driving of highly capacitive loads in a 
MOS system. 
Fast Transition Times — 20 ns with 1000 pF Load 
High Output Swing — 20 Volts 
High Output Current Drive — + 1.5 Amperes 
High Repetition Rate — 5.0 to 10 MHz Depending on Load 
MTTL and MDTL Compatible Inputs 
Low Power Consumption when in MOS “0” State — 2.0 mW 
+5.0-Volt Operation for N-Channel MOS Compatibility 


FIGURE 1 — CIRCUIT SCHEMATIC 
(1/2 CIRCUIT SHOWN) 


OUTPUT 


TYPICAL OPERATION 
(Rg = 10 2, CL = Cin = 1000 pF, f = 1.0 MHz, 
PW = 500 ns, Vcc = 0 V, Veg = -20 V) 


5.0 VOLTS/DIV. 


100 ns/DIV. 
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MMHOO26 
MMHO026C 


DUAL MOS 
CLOCK DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601-02 


(Top View) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 


‘ (Top View) 


P1 SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 626 CASE 693 
(MMHO026C Only) 


INPUT B Sanaa! OUTPUT B 


(Top View) 


MMH0026, MMH0026C 


" MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


: 
Operating Ambient Temperature Range Ta i ee eee % 
0 to +70 


-55 to +125 F-55 to +126 
0 to +70 0 to +70 


65 to +150 [65 to +150 


MMH0026 
MMHO0026C 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc-Vee = 10 V to 20 V, CL = 1000 pF, Ta = -55 to +125°C for MMHO026 and 0 to +70°C 
for MMHO026C for min and max values; Ta = +25°C for all typical values unless otherwise noted.) 


po haractoristic Symbol | Min Typ Max 
Logic 1°’ Level Input Voltage . ViH Veet+2.0 |Vegt+15 Vde 
Vo = VEE + 1.0 Vde . 
Logic ‘'1’’ Level Input Current 
V; ~VeE = 2.4 Vdc, Vo = Veg + 1.0 Vde ; 
Logic ‘’0’’ Level Input Voltage ; Vit VeeE+O6 | Veg +04 Vde 
-. |. Vo = Vec -1.0 Vde 
Logic ‘0’ Level input Current He uA 
’ Vy, —Veg = 0 Vde, Vo = Vcc -1.0 Vde : 
Logic ‘O"’ Level Output Voltage ; VOH Vde 
Voc = +5.0 Vde, Veg = -12 Vde, Vy = -11.6 Vde : 4.0 4.3 
- |Vec-1.0 [Vcc -0.7 
Logic 1" Level Output Voltage VoL 
Voc = +6.0 Vde, Veg = -12 Vde, Vj = -9.6 Vde 
Vi ~VegE = 2.4 Vde 
“On” Supply Current « 'CCL 
Vocc-VeeE = 20 Vdc, Vj —Veg = 2.4 Vde 
Propagation Time ; 
High to Low (Figure 2) 
(Figure 3) 
Low to High (Figure 2) 


Vi —Vee = 9.4 Vde 
“Off” Supply Current MMHO0026C 'CCH 
Voc-VeEeE = 20 Vdc, Vj —Veg=0V MMH0026 
(Figure 3) 


Transition Time (High to Low) 
Voc-VEE = 20 Vdc, CL = 250 pF (Figure 2) 
Vcc-VEE = 20 Vdc, Cy = 500 pF (Figure 2). 
: : (Figure 3) 
Voc-VeEE = 20 Vdc, Cy = 1000 pF {Figure 2) 
. (Figure 3) 
Transition Time (Low to High) 
Voc-VEE = 20 Vde, Cy = 250 pF (Figure 2) 
Vec-VEE = 20 Vde, Cy = 500 pF (Figure 2) 
(Figure 3) 
Vcc -VEE = 20 Vde, Cy = 1000 pF (Figure 2). 
(Figure 3) 
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TEST CIRCUIT 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


vy ‘ 2N2369A 


; Or Equiv 
= 5.0 Vdc . 
PREF = 1.0 MHz 

PW = 0.5 us 

tTTLH = tTHL <10 ns 


FIGURE 3 — AC TEST CIRCUIT AND WAVEFORMS 


Pulse 
Generator 


ene = 1, ‘0 Miz 
PW = 0.5 us. 
tTLH = tTHL <10ns 


Circuit diagrams utilizing Motorola products are included as a means 
of iWustrating typical. semiconductor applications; consequently, 
complete information sufficient for. construction purposes is not 
necessarily given. The information has been carefully checked and 


CL 
1000 pF : 


is believed ‘to be enitiralys reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices: described ony. 
license under the patent Hants of Motorola Inc. or-othars. 


—@) MOTOROLA ‘Semiconductor Products Inc. 
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ly), INPUT CURRENT. (mA) 


tp, PROPAGATION DELAY TIME (ns) 


Pw, OUTPUT PULSE WIDTH (ns) 


TYPICAL CHARACTERISTICS 
(Voc = + 20 V, Veg =0 V, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — 


INPUT CURRENT versus INPUT VOLTAGE 


Vin, INPUT VOLTAGE (V} 


FIGURE 6 — OPTIMUM INPUT CAPACITANCE 
versus OUTPUT PULSE WIDTH 


700 ; 7 


1400 


1200 


0 200 400 600 800 1000 
: Cin, OPTIMUM INPUT CAPACITANCE (pF) 


FIGURE 8 —PROPAGATION DELAY TIMES 
versus TEMPERATURE 


Vec-VEE = 20 V 
Cin = Cy = 1000 pF 


0 425-460-475, 
T, TEMPERATURE (°C) 


ty, TRANSITION TIME (ns} 
a 


FIGURE 5 — SUPPLY CURRENT versus TEMPERATURE 


TT veveetaov | 
SEE 


amills a +17 V — 


+125 


tcc, SUPPLY CURRENT (mA) 
~ 
o 


~75 -50 ics ee +50 +7 +100 


T, TEMPERA TU RE (°C) 


FIGURE 7 — TRANSITION TIMES versus LOAD CAPACITANCE 


28 : 
ee Se ee ee ee es ae ee ee 

Vec-Vee=20v_ [| | [| | [| 

Ro = 502 af 


tT, TRANSITION TIME (ns) 


0 200 400 600 800 
C_, LOAD CAPACITANCE (pF) 


“FIGURE 9 — TRANSITION TIMES versus TEMPERATURE 
26 


Vec-VeE=20V 
C_ = 1000 pF 


nN 
Nn 


-75  -50.--2- 0 +25. 4500-475. «4100s #128 


‘T, TEMPERATURE (°C) 
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TYPICAL CHARACTISTICS (continued) 
(Voc =+ 20 V, Veg =O V, Ta = +25°C unless otherwise noted.) 


, FIGURE 11 — PROPAGATION DELAY TIME versus 
FIGURE 10 — TRANSITION TIME versus TEMPERATURE ; TEMPERATURE FOR +5 VOLT DC-COUPLED 


FOR +5 VOLT DC-COUPLED OPERATION (See Figure 4.) OPERATION (See Figure 4.) 
Vcc = +4.5 V, f= 1 MHz, PW = 200 ns Voc =+4.5 V, Veg=0V 
CL =S510 pF, Cin = 510 pF, Rig = 1k, > f = 1 MHz, PW = 200 ns, 
= Cy = 510 pF, Cin = 510 pF, Rin= 1k2Q 
= > 
= % ame Sewn 
z & 
OQ 2 
= e 
“a Lod 
Z g 
[oa 9 
= S 
r Ew 
— 
~65 -25 0 +25 +50 +75 +100 +425 -65 -25 0 +25 +50 “#76 +100 +125 
: T, TEMPERATURE (°C) : : T, TEMPERATURE (°C) 
FIGURE 12 ~- DC-COUPLED SWITCHING RESPONSE . FIGURE 13 — DC-COUPLED SWITCHING versus Cj, 
versus Rj, (See Figure 4.) (See Figure 4.) 
38 
ie ee Re ae ee 
Pe ee pee ee Cin = 510 pF 
30 
z z 
= = 
F F. 
~ 20 Z 
5 2.0 4.0 6.0 8.0 10 0 100 200 300 400 500 600 700 800° 
Rin, RESISTANCE (k 9) Cin, CAPACITANCE (pF) 
FIGURE 14 — MAXIMUM DC POWER DISSIPATION FIGURE 15 — AC POWER DISSIPATION versus 
versus DUTY CYCLE (SINGLE DRIVER) FREQUENCY (SINGLE DRIVER) 
IM Sas ae ? a ae 
gon} DUTY ON aE te 
2 S TA wa 
E = awa 
5 a0 : aia 
ae g A Va 
& 40 B “a 
Se S ; La 
= 300 w. a 
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= 200 = = 
3 | e tT | | 
oa a ae ae 
“TA I L771 | Zan 
0 | ce a, pa 
0.1 0.2 0.4 07 1.0 2:0 4.0 7.0 10 


DUTY CYCLE (%) ; ; f, FREQUENCY (MHz) 
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OPERATION OF THE MMH0026 

The simplified schematic diagram of MMH0026, shown 
in Figure 16, is useful in explaining the operation of the 
device. Figure 16 illustrates that as the input voltage level 
goes high, diode D1 provides an 0.7-volt ‘dead zone’ 
thus ensuring that Q2 is turned “on” and Q4 is turned 
“off” before Q7 is turned ‘‘on”. This prevents undesirable 
“current spiking’’ from the power supply, which would 
occur if Q7 and Q4 were allowed to be ‘’on” simul- 
taneously for an instant of time. Diode D2 prevents — 
“zenering”’ of Q4 and provides an initial discharge path 
for the output capacitive load by way of Q2. 


As the input voltage level goes low, the stored charge in 
Q2 is used advantageously to keep Q2 “‘on”’ and O04 “‘off’’ 
until Q7 is “off’’. Again undesirable ‘‘current spiking” is 
prevented. Due to the external capacitor, the input side 
of Cjn goes negative with respect to VEE causing Q9 to 
conduct momentarily thus assuring rapid turn “‘off”’ 
of Q7. 


FIGURE 16 — SIMPLIFIED SCHEMATIC DIAGRAM 
(Ref.: Figure 1) 


APPLICATIONS INFORMATION 


(AA) MOTOROLA Semiconductor Products Inc. 


The complete circuit, Figure 1, basically creates Dar- 
lington devices of transistors Q7, Q4 and Q2 in. the 
simplified circuit of Figure 16. Note in Figure 1 that 
when the input goes negative with respect to VEE, diodes 
D7 through 010 turn. ‘‘on” assuring faster turn “off” of 
transistors 1, 02, O6 and O7. Resistor R6 insures that 
the output will charge to within one Vpe voltage drop 
of the Vcc supply. 


SYSTEM CONSIDERATIONS 


Overshoot: : 

In most system applications the output waveform of the 
MMHO026 will “‘overshoot’”’ to some degree. However, 
“overshoot” can be eliminated or reduced by placing a 
damping resistor in series with the output.. The amount 

of resistance required is given, by: Rs = 2,/ L/C_.where 

L is the inductance of the line and Ct. is the load capac- - 
itance. In most cases a series of damping resistor in the 

range of 10-to-50 ohms will be sufficient. The damping 

resistor also affects the transition times of the outputs. 

The speed reduction is given by the formula: 

tTHL © tTLH = 2.2-Rs CL (Rg is the damping resistor). 

Crosstalk: 

The MMH0026 is sensitive to crosstalk when the output 

voltage level is high (VQ © Vcc). With the output in the 

high voltage level state, 03 and O4 are essentially turned 

“off. Therefore, negative-going crosstalk .will pull the 

output down until Q4 turns “‘on” sufficiently to pull the 

output back towards V¢c. This problem can be min- 

imized by placing a “bleeding” resistor from the output 

to ground. The “bleeding” resistor should be of suf- 

ficient size so that Q4 conducts only a few milliamperes. 

Thus, when noise is coupled, Q4 is already ‘’on’’ and the 

line is quickly clamped by O4. Also note that in Figure 1 

D6 clamps the output one diode-voltage. drop above Vcc 

for positive-going crosstalk. _ 

Power Supply Decoupling: 

The decoupling of Vcc and VEE is essential in most 

systems. Sufficient capacitive decoupling is required to 

supply the peak surge currents during switching. At least 

a 0.1-uF to 1.0-uF low inductive capacitor should be 

placed as close to each driver package as the layout will 

permit. 

Input Driving: | 

For those applications requiring split power supplies 

(VEE < GND), ac coupling, as illustrated in Figure23, 
should be employed. Selection. of the input capacitor 
size is determined by the desired output pulse -width. 
Maximum performance is attained when the voltage at 
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APPLICATIONS INFORMATION (continued) 


the input of the MMH0026 discharges to just above the 
device's threshold voltage (about 1.5 V). Figure 6 shows 
optimum values for Cin versus the desired output pulse 
width. The value for Cjn may be roughly predicted by: 


Cin = (2 x 1073) (PWo). - (1) 


For an output pulse width of 500 ns, the optimum value - 


for Cin is: 
Cin = (2 x 1073) (500 x 1079) = 1000 pF. 

If single supply operation is required (Veg.= GND), then 
de coupling as illustrated in Figure24can be employed. 
For maximum switching performance, a speed-up capac- 
itor should be employed with de coupling. Figures 12 
and 13 show typical switching characteristics for various 
values of input resistance and capacitance. 


POWER CONSIDERATIONS 


Circuit performance and long-term circuit reliability are 
affected by die temperatu re. Normaliy, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 


is the source of heat. This heat source increases the . 


temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 
ae TY= Ta + Pp ( Rasc*Raca) (2) 
or - 
: Ty=Tat PD (Rasa) (3) 
where , 
Ty = junction temperature’ 
Ta = ambient temperature 
Pp = power dissipation 
ReJc = thermal resistance, junction to case 
R@caA= thermal resistance, case to ambient 
RgJA = thermal resistance, junction to ambient. 


Power Dissipation for the MMH0026 MOS Clock Driver: 


The power dissipation of the device (Pp) is: dependent. 


on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. This power dissipation, when substituted into 
equation (3), should not yield a junction temperature, 
Ty, greater than Ty(max) at the maximum. encountered 
ambient temperature. Ty(max) is specified for three 
integrated circuit packages in the maximum ratings 
section of this data sheet. 


TABLE 1 — THERMAL CHARACTERISTICS 
OF “G", “L”", "P1", AND “U” PACKAGES 


- Still Air Still Air 
| max | rye | max | rye | 
Pemeamame [we [oe fe [a | 
"LY (Ceramic ee 
"P41" (Plastic Package) 


FIGURE 17 — MAXIMUM POWER DISSIPATION versus 
AMBIENT TEMPERATURE (As related to package) 


1.4 
a Se a ll a 


1. 2} 
as be Gc ES ar ts el i 
bof kland "Un PACKAGE || PACKAGES SOCKET 


MOUNTED IN 


' PACKAGE TYPE 
(Mounted in Socket) 


“PI PACKAGE a=) . STILL AIR 


Pp, POWER DISSIPATION (WATTS) 


0 
-7§ -50  -25 0 §+25 +60 +75 +100 +125 +150 +175 
Ta, AMBIENT TEMPERATURE (°C) 


With these maximum junction temperature values, the 
-maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (2) or (3) and the maximum thermal 
resistance values given in Table 1 or alternately, by using 
the curves plotted in Figure 17. If, however, the power 
dissipation’ determined by a given system produces a 
calculated junction temperature in excess of the recom- 
mended maximum rating for a given package type, some-. 
‘ thing must be done to reduce the junction temperature. 


There are two methods of lowering the junction tem- 
perature without, changing the system requirements. 
First, the ambient temperature may be reduced suf- 

ficiently to bring Ty to an acceptable. value. Secondly, 
the Raca term can be reduced. Lowering the Reca term 
can be accomplished by increasing the surface area of the 
package with the addition of a heat-sink or by blowing 
air across the. package to promote improved heat 
dissipation. 
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APPLICATIONS INFORMATION (continued) 


‘The following examples illustrate the thermal consider- 
ations necessary to increase the power capability of the 
MMHO0026. 


Assume that the ceramic package is to be used at a 
maximum ambient temperature (Ta) of +70°C. From 
Table 1:R@jJA(max)= 150°C/watt, and from the max- 
imum rating section of the data sheet: Ty(max) = +175°C. 
Substituting the above values into equation (3) yields a 
maximum allowable power dissipation of 0:7 watts. Note 
’ that this same value may be read from Figure 17. Also 
note that this power dissipation value is for the device 
mounted in a socket. 


Next, the maximum power consumed for a given system 
application must be determined. The power dissipation 
of the MOS clock driver is conveniently divided into 
dc and ac components. The de power dissipation is 
given by: 

Pdc = (Vcc — Vee) « (IccL) x (Duty Cycle) (4) 
Vcc - VEE) 


here | = 40mA 
where Iccy = 40 mA ( OV 


Note that Figure 14 is a plot of equation (4) for three 
values of (VcC—VeEE). For this example, suppose that 
the MOS clock driver is to be operated with Vcc = +16 V 
and Vee = GND and with a 50% duty cycle. From 
equation (4) or Figure 14, the de power dissipation (per 
driver) may be found to be.256 mW. If both drivers 
within the package are used in an identical way, the total 
_ de power is 512 mW. Since the maximum total allowabie 
power dissipation is 700 mW, the maximum ac power 
that can be dissipated for this example becomes: 


. Pag = 0.7 — 0.512 = 188 mW , 
The ac power for each driver is given by: 
Pac = (Veco ~ Veg)? x fx CL 
where f = frequency of operation 
CL = load capacitance (including all strays and 
wiring). 


(5) 


Figure 16 gives the maximum ac power dissipation versus 
switching frequency for various capacitive loads with 
Vcc = 16 V and Veg = GND. Under the above con- 
ditions, and with the aid of Figure 15, the safe operating 
area beneath Curve A of Figure 18 can be generated. 


Since both drivers have a maximum ac power dissi- 


pation of 188 mW, the. maximum ac power per driver: 


becomes 94 mW. A horizontal line intersecting all the 
‘capacitarice load fines at the 94 mW level of Figure 15 
will yield the maximum frequency of operation for each 
of the capacitive loads at the specified power level. By 


using the previous formulas and constants, a new safe 


operating area can bé generated for any output voltage | 


swing and duty cycle desired. 


Note from Figure 18, that with highly capacitive loads, 
the maximum switching frequency is very low. The 
switching frequency can be increased by varying the 
following factors: 


_ (a) decrease Ta 
(b} " decrease the duty cycle 
{c) lower package thermal resistance (Rg JA) 


In most cases conditions (a) and '(b) are fixed due to 


' system requirements. This leaves only the thermal re- - 


CL, LOAD CAPACITANCE-PER DRIVER (pF) 


sistance Rg ya that can be varied. 


Note from equation (2) that the thermal resistance is 
comprised of two parts. One is the junction-to-case 
thermal resistance (Rgjc) and the other is the case-to- 
ambient thermal resistance (R@ca). Since the factor Rg jc 
is a function of the die size and type of bonding employed, 
it cannot be varied.. However, the Raca term can be 
changed as previously discussed, see Page 7. 


FIGURE 18 — LOAD CAPACITANCE versus FREQUENCY | 
FOR “L” PACKAGE ONLY. 
(Both drivers used in identical way) 


Ta = +70°C 
DUTY CYCLE = 50% 


8: PC BOARD MOUNT 
NQ HEAT SINK 
NQ AIR FLOW 

D: SOCKET MOUNT 
NO HEAT SINK 
$00 LFPM 
AJR FLOW 


A: SOCKET MOUNT 
NO HEAT SINK 
NO AIR FLOW 
€: SOCKET MQUNT 
THERMALLOY 60128 
HEAT SINK OF EQuiv 
E-— NOAIR FLOW 


€: SOCKET MOUNT 
THERMALLOY 60128 
HEAT SINK OR EQUIV 
00 LFPM 


4, 6 
_ £, SWITCHING FREQUENCY (MHz) 


Heat Sink Considerations: o ‘ 


Heat sinks come in a wide variety of sizes and shapes that 


will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 19. In the 
previous example, with the ceramic package, no heat sink 


and in a:still air environment,Rg JA(max)was 150°C/W.. 


For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
Reca for natural convection from Figure 20 is 44°C/w. 
From Table 1 Reyci(max) = SO°C/W for the ceramic 
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APPLICATIONS INFORMATION (continued) 


FIGURE 19 — THERMALLOY* HEAT SINKS 


“Manufactured by Thermalloy Co, of Texas. 


package. Therefore, the new Rg ja(max) with the 6012B 
heat sink added becomes: 
R@JA(max) = 50°C/W +f 44°C/W = 94°C/W. 
Thus the addition of the heat sink has reduced Rg JA(max) 
from 150°C/W down to 94°C/W. With the heat sink, the 
maximum power dissipation by equation @) at TA = 
+70° is: 
175°C — 70°C . 
DF = +1217 watts. 
94°C/W 
This gives approximately a 58% increase in maximum 
power dissipation. The safe operating area under Curve C 
of Figure 18 can now be generated as before with the aid 
of Figure 15 and equation (5). 


FIGURE 20 — CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION = 


THERMALLOY =6007A 
DIP HEAT SINK OR EQUIV 


THERMALLOY #2230-5 
TO-98 HEAT SINK GR EQUIV 


CASE TEMPERATURE RISE 
ABOVE AMBIENT TEMPERATURE (°C) 


“Pp, POWER DISSIPATED (WATTS) 


Forced Air Considerations: 


As illustrated in Figure 21, forced air can be employed to 
reduce the Raja term. Note, however, that this curve is 
expressed in terms of typical Raja rather than maximum - 
R@JA. Maximum Rg ja can be determined in the follow- 
ing manner: 


‘From Table 1 the following information is known: 


(a) R@JA(typ) = 100° C/W 
Since: 
ReJA = Resc + Reca (6) 
Then: 


RaCcA = Rasa - Rasc (7) 


Therefore, in still air ; 
R@CA(typ) = 100°C/W — 27°C/W = 73°C/W 

From Curve 1 of Figure 21 at 500 LFPM and eq- 
uation (7), 

R@CA\(typ) = 53°C/W — 27°C/W = 26°C. 
Thus Recaltyp) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical Raca 
by a.ratio of 1:2.8. Since the typical value of Rac was 
reduced by a ratio of 1:2.8, Reca(max) of 100°C/W 
should also decrease by a ratio of 1:2.8. 
This yields an R@CA(max) at 500 LFPM of 36°C/W. 
Therefore, from equation (6): 

R@JA(max) = 50°C/W + 36°C/W = 86°C/W. 


‘Therefore the maximum allowable power dissipation at 


500 LFPM and Ta = +70°C is from equation (3): 


175°C — 70°C 
Pp =— = 1.2 watts. 
/ -+86°C/W 
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APPLICATIONS INFORMATION (continued) 


FIGURE 21 — TYPICAL THERMAL RESISTANCE (Roja) OF 
“L” PACKAGE versus AIR VELOCITY 
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As with the previous examples, the dc power at 50% duty 
cycle is subtracted from the maximum. allowable device 

‘dissipation (Pp) to obtain a maximum Pac. The safe 
operating area under Curve D of Figure 18 can now be 
generated from Figure 15 and equation (5). 


’ Heat Sink and Forced Air Combined: 


Some heat sink manufacturers provide data and curves of 
Reca for still air and forced air such as illustrated in 
Figure 22. For example the 6012B heat sink has an 
Raca = 17°C/W at 500 LFPM as noted in Figure 22. 


From equation (6): 
Max R@JA = 50°C/W + 17°C/W = 67°C/W 

From equation (3) at Ta = +70°C 

. 175°C — 70°C 


Pp = 1.57 watts. 
2 67°C/W 


FIGURE 22 —THERMAL RESISTANCE Reca 
versus AIR VELOCITY 
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As before this yields a safe operating area under Curve E 
in Figure 18. 


Note from Table 1 and Figure 21 that if the 14-pin 


. ceramic package is mounted directly to the PC board 


(2 oz. cu. underneath), that typical Raja is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine a 
safe operating area for this condition. 
Given data from Table 1: 

typical Raya = 100°C/W 

typical Ra jc = 27°C/W 
From Curve 2 of Figure 21, R@jal(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical Rac, is 
75°C/W — 27°C/W = 48°C/W. From Table 1 the typical 
value of Rg@ca for socket mount is 100°C/W — 27°C/W = 
73°C/W. This shows that the PC board mount results in 
a decrease in typical Rgca by aratio of 1:1.5 below the 
typical value of Rg@ca in a socket mount. Therefore, the 
maximum value of socket mount Rgaca of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted ina PC board. The maximum Rgca becomes: 


100°C/W 


R@CA= See = 66°C/W for PC board mount 


Therefore the maximum R@Jja for a PC mount is from 


equation (6). 


RQJA = 50°C/W + 66°C/W = 116°C/W. 
With maximum R@ ja known, the maximum power dis- 
sipation can be found and the safe operating area de- 


‘termined as before. See Curve B in Figure 18. 


CONCLUSION — 

In most cases, heat sink manufacturer’s publish only 
R@g@ca socket mount data. Although Rg@ca data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 21 that an air flow greater 
than 250 LFPM yields a socket mount R@ JA approxt- 
mately 6% greater than.for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted that 
thermal resistance measurements can vary widely. These 
measurement variations are due to the dependency of 
Rg@cad on the type environment and measurement tech- 
niques employed. For example, RecA would be greater 
for an integrated circuit mounted on aPC board with little 
or_nio ground plane versus one with a substantial ground 
plane. Therefore, if the maximum calculated junction 
temperature is on the border line of being too high for a 
given system application, then thermal resistance measure- 
ments should be done on the system to be absolutely 
certain that the maximum junction temperature is not 


exceeded. 


(AK) MOTOROLA Semiconductor Products Inc. 


~ MMH0026, MMHo026c 


TYPICAL APPLICATIONS 


FIGURE 23 - AC-COUPLED MOS CLOCK DRIVER 


Two-Phase 
Clock to 
Shift Registers 


MTTL 
MC7400 
Series Gates 
, Vee=-12V 


Pins not shown are not connected. 


FIGURE 24 — DC-COUPLED RAM MEMORY ADDRESS 
OR PRECHARGE DRIVER (POSITIVE-SUPPLY ONLY) 


Vv; Vee 


y To Address 
Lines On 
1103 Type 
Memory System 
Or Equiv 


MTTL 
MC7400 
Series Gates 


Pins not shown are not corinected. 


(AA) MOTOROLA ‘Semiconductor Products inc. 
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VOLTAGE COMPARATORS 


Temperature Range 


Oto 70°C -55t0 125°C 


MC1414 MC1514 
MC1710C MC1710 
MC1711C = MC1711 
XC3411_ = 
MC3430-33 - 
MLM311 MLM111 
MLM339 MLM139 
MLM339A MLM139A 


Other 


MC3302 


_MLM211 


MLM239 


MLM239A - 


MLM2901 


Dual MC1710 Differential Comparator............ 
Differential Comparator... .....2 2c eee eevee 


Dual Differential Comparator... .. 1.0... 0080s 


Quad Comparator 
Dual Comparator 


High-Speed Quad Comparators ............ Ste Be 


High-Performance 
Quad Comparator 
Quad Comparator 
Quad Comparator 


6-2 


Comparator .........-022508% 
(Single Supply) ..... ete unt kath 
(Single Supply)... 2.0.2... 00 ee 


Page 


6-5 

6-9 

6-13 
6-17 
6-21 
6-23 
6-31 
6-35 
6-39 
6-43 


VOLTAGE COMPARATORS 


General Purpose Comparators 


.. for detecting the polarity relationship between two 
analog levels and giving a corresponding TTL output. 


MC1710 —T, =-55.to 125°C MC1711 — Ta =-55 to 125°C 
MC1710C — Ta = 0 to 70°C MC1711C — Ta = 0 to 70°C 
Single comparators Dual comparators with strobes and wire-ORed 
outputs 


N.C. Packages: 
, G Suffix — Case 601 
F Suffix — Case 606 
L Suffix — Case 632 
P Suffix — Case 646 (for - 
MC1710C, MC1711C only) 


Inputs 2 


*Connected to pin 4 via the substrate on 


*Connected to pin 6 via the substrate on some plastic units. 


some plastic units. 


MC1514 — T 4 = -55 to 125°C 
MC1414 — Ty = 0 to 70°C 
Dual comparators with strobes. 
; MC1710C 
MC1710 
MC1711C 
MC1711 
tnverting MC1514 
Input : MC1414 


Non-Inverting 


Non-Inverting 
, Input 


inverting 
input 


Packages: 
F Suffix — Case 607 
L Suffix — Case 632 
P Suffix — Case 646 (MC1414 only) 


VOLTAGE COMPARATORS (continued) 


Precision Comparators 


M3411 — Ta = Oto 70°C 
... featuring low input loading, high voltage gain, and a Dual 311-type comparator. 
choice. of either dual or single positive power supply : 


operation. Collector 
Pp ; 14) Output 


ate ; ye Balance/ 
MLM111 — Ta.= -55 to 125°C Packages? 2) '3] Strobe 
MLM211 — Ta = -25 to 85°C - —L Suffix — Case 632 fa] Balance 
MLM311-—Ta=Oto 70°C - P Suffix — Case 646 inverting 


Single comparators; high gain, high input imped- syees ssbia 
ance; strobe and balance inputs provided. Balance [5] Input 


Balance/ : Emitter 
Strobe is 2) Output 


Collector 
Output u 
1} 7 Output 


[}6 Balance/Strobe = : 
[J 5 Balance VoL 
Device Vio ne @ io. =50mA | 
; Number mV Max nA Max Volts Max 


Packages: = 
M141 3.0 100 
\ G Suffix — Case 601 2 Cat ap 


F Suffix —Case 606 — MLM311 7.5 


L Suffix — Case 632 ; 
P1 Suffix — Case 626 (MLM311 only) 


Quad Compar ators ... for applications requiring multiple sasaanion: 


MLM139 7 6 
MC3430 : - MLM139A — Ta =-55to 125°C . 
Mc3431.¢ ~ High-speed quad comparators with three- 
_ , “state Enable common to ail four devices; MC3302 
+5 volt supply; Ta = 0 to 70°C. MLM239 — Ta =-40 to 85°C 
, MLM239A 
. .- MLM339 
cpt } ‘— Quad comparators with open collector © MLM339A } — Ta=0to 70°C 
outputs, common strobe input; +5 volt Single supply voltage comparators. 
supply; Ta.= 0 to 70°C. 
Packages: 
oO : L Suffix — Case 620 
: ag ce P Suffix — Case 648 


Inputs 


Packages: 
L Suffix — Case 632 
P Suffix — Case 646 (For 
all devicesexcept _ 
MLM139, MLM139A) 


ie) B Isink 
@ 25°C | @ 25°C | @ Vo, = 500 mV 


- ; MC3302 . 
Device Vis lis tPHL MLM139 
Number mV.Max | “A Max | ns Max . MLM1394 
20° - 45, 
20 45 


McC3430 MLM239 
MC3431 'MLM2394 
MC3432 : | MLM339 
MC3433 ‘0. : , MLM339A 


/. ORDERING INFORMATION 


‘ Device Temperature Range Package 
MC1414L «OC to. +75°C Ceramic DIP 
MC1414P 0°C to +75°C . Plastic DIP 


MCi514L = =—s_—«-§- —§5°C to +125°C Ss Ceramic DIP 


DUAL DIFFER ENTIAL VOLTAGE COMPARATOR 


. , designed for use in level detection, low-level sensing, and 
memory applications. ; 
Two Separate Outputs - 
Strobe Capability 
High Output Sink Current 
2.8 mA Minimum (Each Comparator) for MC1514. 
1.6:mA minimum (Each Comparator) for MC1414 
. Differential Input Characteristics 
Input Offset Voltage = 1.0 mV for MC1514 
= 1.5 mV for MC1414 
Offset Voltage Drift = 3.0 4V/°C for MC1514 
= 5.0 nV/°C for MC1414 
Short Propagation Delay Time — 40 ns typical 


Oumar Compatible with All Saturating Logic Forms. 
Vo= +3.2 V to -0.5 V typical 


MAXIMUM RATINGS ir A = 25°C unless otherwise noted.) 


Pe inet eee Tae) 


Power Supply Voltages Vec +14 
VEE -7.0 


Common Mode Input Voltage Range VICR 
Peak Load Curent es 


Power Dissipation cae Limitation) 
| Ceramic:Qual In-Line Package 
" Derate above Ta = 25°C 
Ceramic. Flat Package 
Derate above Ta = 26°C 
Plastic’ Dual In-Line Package 
" Derate above'T q = 25°C 


Storage Temperature Range | -65 to +150 a 


CIRCUIT SCHEMATIC 
Strobe Strobe 


Non inverting 
input 


Differential Mode Input Voltage Range 


Operating Temperature Range | MC1514 ee to x 
MC1414 0 to +75 


MC1414 
MC1514 


DUAL 
DIFFERENTIAL 
COMPARATOR 


(DUAL MC1710) 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 
PLASTIC PACKAGE - 
CASE 646 

(MC1414 only) 


MC1414, MC1514 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Veg = -6 Vdc, eT en 25°C unless otherwise noted.) (Each Comparator) 


Input Offset Voltage 
(Vo = 1.4 Vdc, Ta = 25°C) 
(Vo = 1.8 Vde, Ta = Tiow") 
(Vo = 1.0 Vdc, Ta = Thigh*) 
Temperature Coefficient of input Offset Voltage 
‘Input Offset Current 

(Vo = 1.4 Vdc, Ta = 25°C) 

(Vo = 1.8 Vde, Ta = Tiow) 

(Vo = 1.0 Vde, Ta = Thigh) 
Input Bias Current 
(Vo = 1.4 Vde, Ta = 25°C) 
(Vo = 1.8 Vde, Ta = Tigw) 
(Vo = 1.0 Vde, Ta = Thigh? 
Open Loop Voltage Gain 
(Ta = 25°C) 
(TA = Tiow to Thi 


h) 


g 
| 3.0 | 
3.0 
7.0 
3.0 
200] 
ee 


1250 1700 
: 1000 
Suspee Reesence Ro. | | - | 
Eo 
(Vip 25.0 mV, O<tg <5.0 mA) 
Low Level Output Voltage 
(Vip 2-5.0 mV, Igg = 2.8 mA) \ 
(Vip 2-5.0 mV, Igg = 1.6 mA) 
: 
| (Veg =-7.0 Vae) 
"| Common-Mode Rejection Ratio 
(VEE = -7.0 Vdc, Rg <200 2) 
Strobe si Level. Current 
Rgogenere 
bra 
(Vip = 5.0 Vdc) 


“| High Level Output Voltage a Hs 
Output Sink Current 
(Vip 2-5.0 mV, VoL < 0.4 V, Ta = Tiow to Thigh) 
Strobe Disable Voltage 


(VoL S04 Vdc) 


Strobe Enable Voltage ; 
(Von oth 4 uae 


Total Power Supply Current, Both Comparators Ice 
(Vo <0) lee 


Total Power Consumption, Both Copa Ses | Po | 


“Tow = -55°C for MC1514,'0°C for MC1414 
Thigh= +125°C for MC1514, +75°C for MC1414 


FIGURE 1 — PROPAGATION DELAY TIME FIGURE 2 — STROBE RESPONSE TIME 


Strobe 


Output 


Output 
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MC1414, MC1514 


TYPICAL CHARACTERISTICS 
(Each Comparator) 


FIGURE 3 — VOLTAGE TRANSFER FIGURE 4 — INPUT OFFSET VOLTAGE 
CHARACTERISTICS versus TEMPERATURE 


Vio. INPUT OF FSET VOLTAGE (mV) 


Vg, GUTPUT VOLTAGE (VOLTS) 


“30,60 -40 -20 OF 20 40 60 80 
Vine INPUT VOLTAGE (mv) > Ta, AMBIENT TEMPERATURE (C) 
FIGURE 5 — INPUT OFFSET CURRENT : FIGURE 6 — INPUT BIAS CURRENT 
versus TEMPERATURE : versus TEMPERATURE 4 
2 2 
‘ i 
3 3 
3 5 
ae a 
= x 
ud < 
3 
e 2 
2 5 
E 
5 3 
2 = 
fo] = 
; cs 
| - 
-55 25 0 2% 50. 78 100 125 ~65 25. ~~O 2% 80 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 7 — GAIN VARIATION FIGURE 8 — VOLTAGE GAIN 
WITH POWER SUPPLY VOLTAGE versus TEMPERATURE 


Avol. VOLTAGE GAIN (V/V) 
Ayo}, VOLTAGE GAIN (V/V) 


Voc. POSITIVE SUPPLY VOLTAGE (Vdc) Ta, AMBIENT TEMPERATURE (°C) 


MC1414, MC1514 


FIGURE 9 — RESPONSE TIME 


t, TIME (ns) 


FIGURE 10 — POWER DISSIPATION 
versus TEMPERATURE 


- 


Pp, POWER DISSIPATION (mW) 


Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — RECOMMENDED SERIES RESISTANCE | 


versus MRTL LOADS - 


tt == 
in ECE aa 


Med: a . 
MATL 


"0 0.2 0.5 1 ies a Sb 10 


Rg, SERIES RESISTANCE i 


igs SINK CURRENT (mA) . - 


FIGURE 12 — SINK CURRENT versus TEMPERATURE 


Ta, TEMPERATURE (°C) 


FIGURE 13 — CROSSTALKtT 


an eE SrEES 


Coutd 


Sgut 2 


= TIME, 50 ns/div 
tWorst case condition shown — no load. 


gin = £50 mV 


Bout 2 


To Scope 


Induced output signal in 
araplifier #2 due to output 
signal at amplifier #1." a 


ORDERING INFORMATION 


Temperature 

Device. Alternate. Range Package 
MC1710F -— —55°C to +125°C Ceramic Fiat 
MC1710G —_ —55°C to +125°C Meta! Can 
MC1710L _ —55°C to +125°C Ceramic DIP 
MC1710CF i - 0° to +75°C Ceramic Flat 
MC1710CG LM710CH, 0°C to +75°C Metal Can 

BATIOHC 

MC1710CP — °c to +75°C Plastic DIP 


MC1710CL. — 0°C to +75°C Ceramic DIP 


DIFFERENTIAL VOLTAGE COMPARATORS 


... designed for use. in tevel detection, low-level sensing, and 
memory applications. 


'@ Differential Input Characteristics — 
Input Offset Voltage = 1.0 mV — MC1710 
= 1.5 mV — MC1710C . 


.Offset Voltage Drift = 3.0 4V/°C — MC1710 
= 5.0uV/°C — MC1710C 


' @ Fast Response Time — 40 ns 


@ Output Compatible with all Saturating Logic Forms — 
Vo = +3.2 V to -0.5 V (Typ) 


. Low Output Impedance — 200 Ohms 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitations) 
Metal Package 
Derate above Ta = +25°C 
Flat Package 
Derate above Ta = +25°C 


Ceramic Dual tn-Line Package 
Derate above Ta = +25°C 5.0 


Operating Temperature Range -MC1710 ; Ta -55 to +125 % 
; : MC1710C Oto +75 ; 
Storage Temperature Range ; -65 to +150 


EQUIVALENT CIRCUIT 


NORIINC TING OUTPUT 
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MC1710 
MC1710C 


DIFFERENTIAL 
COMPARATORS 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


G SUFFIX | 
METAL PACKAGE 
CASE 601 


[SJoures CASE 606-04 
TO-91 


LSUFFIX 
CERAMIC PACKAGE 
CASE 632-02 

. TO-116, 


"Connected to-pin & via the substrate on 
some plastic units 


P SUFFIX 
PLASTIC PACKAGE. 
CASE 646 
(MC1710C Only) 


-MC1710, MC1710C 


ELECTRICAL CHAD ACTERISTICS Wee = = +12 Vdc, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


Symi {a a 


Input Offset Voltage ; 
(Vo = 1.4 Vde, Ta = +25°C) MC1710 ; A 
MC1710C ‘ ; 
(Vo = 1.8 Vdc, Ta = -55°C) MC1710 A 
(Vo = 1.0 Vde, Ta = +125°C MC1710 d 
(Vo = 1.5 Vde, Ta = 0°C) | MC1710C : 
(Vg = 1.2 Vde, Ta = +75°C) MC1710C : 


Temperature Coefficient of Input Offset Voltage AViQ/AT i seal 


Input Offset Current . 
(Vo = 1.4 Vde, Ta = eaerel MC1710 
MC1710C 
“(Vg=1 8 Vde, Ta = 58°C) MC1710 
“(Vg = 1.0 Vde, Ta = +725°C) MC1710 
(Vg = 1.5 Vde, Ta = 0°C) _ MC1710C 
(Vo = 1.2 Vde, Ta = +75°C) MC1710C 


Input Bias Current : 
(Vo = 1.4 Vde, Tp = +26°¢) MC1710 
MC1710C 
(Vo = 1.8 Vde, Ta = -55°C) MC1710 
(Vo = 1.0 Vde, Ta = +425°C) MC1710 
(Vo = 1.5 Vde, Ta = 0°C) MC1710C 
(Vo = 1,2 Vde, Ta = +75°C) MC1710C 
Voltage Gain : 
(Ta = +25°C) MC1710 
MC1710C 
(Ta = Tlow to Thigh) (1) MC1710 
, MC1710C 


Output Resistance 


Differential Voltage Range 


Positive Output Voltage 
(Vip 25.0 mV,0<!I9 <5.0 mA) 


Negative Output Voltage 
(Vip 2-5.0 mV) 
Output Sink Current 
(Vip >-5.0 mV, Vo <0) MC1710 
MC1710C 
(Vip 2-5.0 mV, Vo 20, Ta = Tow) MC1710 
; ee ; MC1710C 


input Common-Mode Voltage Range 
(Veg = -7.0 Vdc} 


Common-Mode Rejection Ratio : 
(VEE = -7.0 Vde, Rg < 200 Ohms) ; MC1710 
. MC1710C 
Propagation Delay Time 
for Positive and Negative Going Input Pulse 


Power Supply Current 
(Vo <0) 


. Power Consumption - 


(1) Troy = -55°C for MC1710, 0°C for MC1710C 
Thigh = +125°C for MC1710, +75°C for MC1710C 
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MC1710, MC1710C | 


“N 


FIGURE 1 — VOLTAGE TRANSFER 
CHARACTERISTICS 


Vo, CUTPUT VOLTAGE (VOLTS) 


~1.0 
~80 -60 -40 -20 0 +2.0 +4.0 +6.0' +8.0 


Vin INPUT VOLTAGE (mV) 


FIGURE 3 — INPUT OFFSET CURRENT 
versus TEMPERATURE 


——— MC1710, MC1710C 
me — MC1710 Only | 


lig, INPUT OFFSET CURRENT (uA) 


Saeeeseek 
(eats caee 


—55 -25 GQ - +25 +60 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — GAIN VARIATION 
WITH POWER SUPPLY VOLTAGE 


Ayal, VOLTAGE GAIN (V/V) 


Voc, POSITIVE SUPPLY VOLTAGE (Vac) 
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Vig, INPUT OFFSET VOLTAGE (mV) 


1yB, INPUT BIAS CURRENT (pA) 


Ayol, VOLTAGE GAIN (V/V) 


TYPICAL CHARACTERISTICS 


FIGURE 2 — INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


~25 9 +25 +50 +75 +100 © +425 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 = INPUT BIAS CURRENT 
versus TEMPERATURE 


commen MIC1710, MC1710C 
——=— MC1710 Only 


—25 0 +25 +60 +75 +100 4125 
Ta, AMBIENT TEMPERATURE (9C) 


FIGURE 6 — VOLTAGE GAIN 
versus TEMPERATURE 


—25 0 425° +50 +78 +100 +126 
"Ta, AMBIENT TEMPERATURE (°C} 


-MC1710, MC1710C 


FIGURE 7 — RESPONSE TIME FIGURE 8 ie POWER DISSIPATION versus TEMPERATURE 


ee a a 
ere ee 


| \_ : E 
: [Sj 
aovontone fl —femvovetome | : 
= ; e 
10 mV OVERDRIVE HA \\y ze ovenonve = 
8 
ee LASS | = 
ane Se z 
e 
—55 25 6 425 +50 +78 +100 +425 
t, TIME (ns) : Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 9 ~ RECOMMENDED SERIES RESISTANCE FIGURE 10 — FAN-OUT CAPABILITY 
versus MRTL* LOADS WITH MOTL* OR MTTL* OUTPUT SWING 


V/77Z) ACTUAL OUTPUT 
SWING 


MC 17100 


N 
semi 
tt t 
Likes 


LOADS 


BS 
MED, POWER aS tt 
MRTL MTTL, MOTL 
“Ml 0.2 05: 1 BN B a 10 i ; 
Rg, SERIES RESISTANCE (k ee <a _ FAN-OUT CAPABILITY 


“Trademark of Motorola, Inc 


_Vo, OUTPUT VOLTAGE SWING (VOLTS) 


Y 
] 
J: 
l 
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ORDERING INFORMATION 


=. Temperature | : 
Device Alternate Range Package 
— MC1711CG ~~ LM711CH,nA711HG 0°C to +75°C Metal Can i 
MC1I711G __ _ _ 55°C to +125°C = Metal Can ; MC1711 
MC1711CL _ O°C to +75°C = Ceramic DIP 
MC1711L _ —55°C to +125°C Ceramic DIP 
MC1711CF —_ 0°C:to +75°C Ceramic Flat MCl1 7 1 1¢ 
MC1711F _ —55°C to +125°C Ceramic Fiat ; F 
—_ 0°C to +75°C - Plastic DIP 


MC1711CP 


DUAL DIFFERENTIAL 
COMPARATOR 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 


. .. designed for use in level detection, low-level sensing, and memory 
applications. 
Typical Characteristics: 
@ Differential input 
Input Offset Voltage = 1.0 mV 
Offset Voltage Drift = 5.0 uV/°C 
@ Fast Response Time — 40 ns 
@ Output Compatible with All Saturating Logic Forms 
Vout = +4.5 V to -0.5 V typice — 
@ Low Output Impedance — 200 ohms 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


F SUFFIX 
CERAMIC PACKAGE 
' CASE 606 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


G SUFFIX 

METAL PACKAGE 

CASE 603 
TO-100 


Metal Package 
Derate above Ta = +25°C 


Flat Ceramic Package 
Derate above Ta = +25°C . 

Ceramic and Plastic Dual In-Line Packages 

Derate above Ta = +25°C 


Operating Temperature Range 


Vv, 


MC1711 
MC1711C 


(Top View) 


L SUFFIX 
. CERAMIC PACKAGE 
CASE 632 
TO-116 


‘P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1711C only) 


INVERTING 
INPUT 1 


* (Top View) 


*Connected to pin 4 via the substrate on. 
some plastic units, 


MC1711, MC1711C _ 


~ ELECTRICAL CHARACTERISTICS (each comparator) (Voc = +12 Vde, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 


‘ ; ; MC1711C 
Characteristic Symbol Typ | Max | 


Input Offset Voltage ZT) mVdc 
(Vicr.= 0 Vdc, Ta = +25°C) 
(Vicr # 0 Vde, Ta = +25°C) 
(VicR.= 0 Vdc, Ta = Tiow to Thigh”) 
(Vier #0 Vde, Ta = Tlow to Thigh) 


Temperature Coefficient of Input Offset Voltage 


Input Offset Current _ 
- (VQ = 1.4 Vde, Ta = +25°C) 
(Vo = 1.8 Vdc, Ta = -55°C) 
(Vo = 1.5 Vdc, Ta = 0°C) 

(Vo = 1.0 Vdc, Ta = +125°C) 
(Vo = 1.2 Vde, Ta = +75°C) 


Input Bias Current 
(Vo = 1.4 Vde, Ta = +25°C) 

_ (Vo = 1.8 Vde, Ta = -55°C) 

"(Vo = 1.5 Vde,-Tp = 0°C) 

(Vo = 1.0 Vdc, Ta = +125°C) 

(Vo = 1.2 Vde, Ta = +75°C) 


Voltage Gain 
(Ta = +25°C) 


| 
Differential Voltage Range | Vion | 25.0 | - | 


High Level Output Voltage VOH 
(Vip 210 mVdc, 0<!19 <5.0 mA) 


Low Level Output Voltage VoL 
(Vip 2-10 mVdc) : 
Strobed Output. Level VOL(st) 
~ (Vetrobe < 9.3 Vde) 


Output Sink Current 
(Vin 2-10 mV, Vo 20) 
Strobe Current 
(Vetrobe = 100 mVdc) . 


Strobe Release Time 


Power Supply Current , icc 8.6 
(Vo <0 Vdc) leg 3.9 


*Tlow = -55°C for MC1711, O°C for MC1711C 
Thigh* +125°C for MC1711, +75°C for MC1711C 
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MC1711, MC1711C 


TYPICAL CHARACTERISTICS 


FIGURE 1 — VOLTAGE : ; FIGURE 2 — INPUT BIAS CURRENT 


TRANSFER CHARACTERISTICS ‘ : versus TEMPERATURE 

+5.0 

+4.0 
e 
9 +3.0 = 
ua oma 
2 a 
= +20 r= 
a c 
ja —_. 
> o 
5 410 @ 
& ; ma 
r= 5 
S 6 = 
> | 

a 
-1.0 ~ 
-2.0 
10 ~80 -6.0 -40 -20 0 +420 +440 +6.0 +80 +10 -60 -40 -20 OF +20 +40. +60 +80 +100 +120 +140 
Vin, INPUT VOLTAGE, (mV) "Ty, AMBIENT TEMPERATURE, (°C) 
FIGURE 3 — VOLTAGE GAIN FIGURE 4 — RESPONSE TIME 
versus TEMPERATURE ; FOR VARIOUS INPUT OVERDRIVES 


Voc =+12V 
VEE =-6.0 V 
Ta = +25°C 


(mV) 


Avol, OPEN LOOP VOLTAGE GAIN (V/V) 
(VOLTS) 


Vg, OUTPUT VOLTAGE Vin, INPUT VOLTAGE 


yong 40-20 «0 420 4060 +80 «+100 +120 +140 al pe a ee 
Ta, AMBIENT TEMPERATURE, (°C) PTMEsnel 
FIGURE 5 — VOLTAGE GAIN VARIATION FIGURE 6 — STROBE RELEASE TIME 


WITH POWER SUPPLY VOLTAGE FOR VARIOUS INPUT OVERDRIVES 
+4.0 : - 


—. 


+3.0 : 
+2.0 Veo=+H2V ad 
Veg =-60V . 
130f +1.0 i ae 


Pp, de POWER DISSIPATION (mW) 


Vg, OUTPUT VOLTAGE STROBE VOLTAGE (VOLTS) 


-606 -40 -20. 0 +20 +40 +60 +80 +100 +120 +140 


Ta, AMBIENT TEMPERATURE, (°C) 


t, TIME {ns} 
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Mc1711, MC1711C_ 


FIGURE 8 - OUTPUT PULSE STRETCHING 
FIGURE 7 ~ COMMON-MODE PULSE RESPONSE WITH CAPACITIVE LOADING 


ep eee 
Vec =+12V 


+20 a ee ee Veg = -6.0V 
‘ Ta = +2590 


Voc =+12V 
Vege =-6.0V 
Ta=+259C ° 


Vick. COMMON-MODE INPUT VOLTAGE 
% (VOLTS) 


Vo, OUTPUT VOLTAGE {VOLTS) 


Vg, OUTPUT. 
VOLTAGE (VOLTS) 


‘ : 
-20 0 +20 +40 +60 +80 +100 +120 +140 +160 +180 0 100 200 300 400 500 
; t, TIME (ns) t, TIME-(ns} 


FIGURE 9 ~ RECOMMENDED SERIES RESISTANCE , FIGURE 10 — FAN-OUT CAPABILITY 
versus MRTL LOADS WITH MDTL OR MTTL OUTPUT SWING 
+5.0 


MC1711C 


MINIMUM HIGH STATE 
MTTL 


LOADS 


ad aecial 
' = i MRTL 


Vg, GUTPUT VOLTAGE SWING (VOLTS) 
+ 
ne 
oS 


so 


‘Ol 02 05 1.0 2.0 ; ; -1.0 
Rg, SERIES RESISTANCE (k OHMS) 


Yor2 
FAN-OUT CAPABILITY 
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ORDERING INFORMATION 
Device Temperature Range ~— Package 


MC3302L - —55°C to +125°C Ceramic DIP | 
MC3302P -40°C to +85°C —S—~ Plastic DIP 


-MC3302P 


QUAD SINGLE-SUPPLY COMPARATOR 


? 


QUAD COMPARATOR 


These comparators are designed specifically for single positive- 
power-supply Consumer Automotive and Industrial electronic ap- 
plications. Each MC3302P contains four independent comparators — 
suiting it ideally for usages requiring high density and low-cost. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Wide Operating Temperature Range — -40 to +85°C 
Single-Supply Operation — +2.0 to +28 Vdc 
Differential input Voltage =+Vcc 


Compare Voltages at Ground Potential 

MTTL. Compatible 

Low Current Drain — 700 WA typical @ Vcc +5.0 to +28 Vdc 
Outputs can be Connected to Give the Implied AND Function 


(top view) 


PLASTIC PACKAGE 
} 3 CASE 646 
“MAXIMUM RATINGS (Ta = +25°C uniess otherwise noted.) 


Requires an external resistor, Ry, to limit current below maximum rating. 

Note 2. /f either (+) or (—) inputs of any comparator go more than several tenths of a voit 
below ground, a parasitic transistor turns ‘’on’’ causing high input current and pos- 
sible fauity outputs. 


GROUND - PIN 12 


FIGURE 2 — CIRCUIT SCHEMATIC 
3° vec 


ANPUTS 
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MC3302P 


c 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Ta = +25°C (each comparator) unless otherwise noted.} 
Characteristic Definitions aaSP 


Input Offset Voltage (Vre¢ = 1.2 Vdc} ae) 
(Ta = +25°C) 
(Tp = -40 to +85°C) 


T 


mVdc 


Adc 


PN 
oo 


Input Offset Current | tio | 


oe = 


(Ta = +25°C) 
{Ta = -40 to +85°C) 
Avol 
2,000 30,000 
Transconductance ; pe fe 


VoL 


Na = Gigi lg2l 


yet 
he” ue 


go 
oO 
i E 


< > 
-< & 


Vio - (ret -Vinl 1000 


Voltage Gain 
(Ty = +25°C, Ry = 15 kQ) 


yp 
3.0 
3.0 
30 
2.0 


mhos 


Vde 


uAdc 


Input Differential Voltage Range 


Output Leakage Current 
{Output Voltage High) 


i 
Oo 


Output Voltage - Low Logic State mVdc 


(I, = 2.0 mA, Vcc = +5.0 to +28 Vde 150 


Output Sink Current 
(Vcc = +5.0 Vde) 
(Ta = +26°C; Vo, = 400 mv) 

(Ta = -40 to +85°C, Vo, = 
800 mV) 


VicR sy 
0-26 
CMRR 


icc 
lEE 


Input Common-Mode Voltage Range Volts 


(Voc = +28 Vde) 


Common-Mode Rejection Ratio 


n 


Propagation Delay Time 
For Positive and Negative-Going 
input Pulse 


N 
o 
Qa 
: al- 


= = = eas 


+300 — 
-300 mV &n ; 


Slew Rate (Rx = 15 kQ) 2 


Power Supply Current (Total of four 
comparators) 


(Il, = 0, Voc = +5.0 to +28 Vdc) 0.7 


pe fe oe 


ie 
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MC3302P 
TYPICAL CHARACTERISTICS - 


(Voc = +15 Vde, Ta = +25°C (each comparator) unless otherwise noted.) 


FIGURE 3 — INPUT OFFSET VOLTAGE FIGURE 4 — OFFSET BIAS CURRENT 


RRR ER 
ase aes 
as fi ele ee 
SERRE ES 
NORMALIZED OFFSET CURRENT 


NORMALIZED.OFFSET VOLTAGE 


0 +20 +40 +60 +80 +100 “40 -20 0 +20 +40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°C) . : Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — INPUT BIAS CURRENT 


lig, INPUT BIAS CURRENT (nA) 


Vec (Vde) 


TYPICAL APPLICATIONS 


FIGURE 6 — FREE-RUNNING SQUARE-WAVE OSCILLATOR , FIGURE 7 — TIME DELAY GENERATOR 
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McC3302P 


TYPICAL APPLICATIONS (continued) 


: F FIGURE 9 — THE COMPARATOR AS AN 
FIGURE 8 — COMPARATOR WITH HYSTERESIS OPERATIONAL AMPLIFIER 


Vcc 


Vref 
Ag =R1 1 R2 é 

{Voc - Vref) R1 : 

Vent" Veet ir a2 + RL Rs= R11 R2 
{Vref - Vo Low) R1 

Veh2 = Vref - a 

R1+R2+RL “Input common-mode voltage range includes ground (0 Vdc) 

‘ and Vg cango to approximately 0 Vde. 
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DUAL ‘111 TYPE COMPARATOR | 


The MC3411 single/split power supply comparators are dual 
versions of popular MLM111..series single comparators. These 
versatile devices feature low input currents and low offsets. Outputs 
can sink currents up to 50 mA. 


SUGGESTED COMPARATOR DESIGN CONFIGURATIONS 


“SPLIT POWER-SUPPLY with 


SINGLE SUPPLY 
OFFSET BALANCE : 


Rt 


Ry 
“OUTPUT 


‘OUTPUT 


LOAD REFERRED to 
NEGATIVE SUPPLY. 


OUTPUT 


Re 


: Vee 


: Input polarity is reversed when’ 
GND pin.is.used as.an output. 


Input polarity is reversed when. . 
GND pin is used asan output. ~ 


~ LOAD REFERRED to 
POSITIVE SUPPLY 


, 
| 
~ OUTPUT 
"GND 


TTL 
STROBE 


0 


This is advance information and specifications are subject to change without notice. 


ge 


ie i DUAL 
HIGH PERFORMANCE 
VOLTAGE COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Collector 
4). Output 


Balance/ 
® ‘Strobe 


Inverting [3] 
Input 


Balance [5] 


Strobe’ 


Collector [7 
Output 


P SUFFIX 


PLASTIC PACKAGE 


CASE 646 


12) Balance 


inverting 
13] Input 
Non-Inverting 
Input 
Emitter 
Output 


Pin compatible to LH2111 Series, 
(Move XC3511 back in. socket to leave 
pins 1 and 16 open.) 


XC3411 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Ground to Negative Supply Voltage - Vde 
Input Differential Voltage 
— . 


Input Voltage (1) 


Power Dissipation 


Plastic and Ceramic Packages 
Derate above Ta = +25°C 


Characteristic 


Input Offset Voltage (2) 
Rs < 50 kQ, Ta = +25°C 
Rg < 50 kQ, 0°C < Ta < 70°C 
Input Offset Current (2) 
Ta = +25°C 
0°C < Ta < 70°C 


Viol 


Input Bias Current f nA 
Ta = +25°C 100 250 
0°C < Ta < 70°C - 300 


Saturation Voltage 
Ta = +25°C, Vip <-10 mV, 19. = 50 mA 
0°C, < Ta < 70°C, Voc > 4.5 V, Veg =0, 
Vip <-10 mV, link < 8.0 MA 
Strobe *‘On”’ Current 


Output Leakage Current 
Ta = +25°C, Vip 2 10 mV, Vo =35 V . 


Valtage Gain Tay 00d Sd 
ee eal 
Lo 


Input Voltage Range 
0°C < Ta < 70°C 


Positive Supply Current 2 NGG | iret Os | 10h ale SIA 
Negative Supply Current | tee | =] so | 80 mA 


1. This rating applies for +15-voit supplies. The positive input voltage limit is 30 volts above the negative supply. The negative input 
voltage limit is equal to the negative supply voltage or 30 voits below the positive supply, whichever is Jess. 

2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 
a1.0-mA load. Thus, these parameters define an error band and take into account the “worst-case” effects of voltage gain and input 
impedance. ; 

3. The response time specified is for a 100-mV input step with 5.0-mV overdrive. 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 
can tolerate at a given operating ambient temperature, can currents at the worst case Operating condition. 


be found from the equation: ; 
: ‘. Tic Tn TJ(max) = Maximum Operating Junction Temperature 
edimax) 7 1A | as listed in-the Maximum Ratings Section 
ResalTyp) Ta = Maximum Desired Operating Ambien 
Where: PE(T a) = Power Dissipation allowable at a given Temperature 3 


operating ambient temperature. This must be greater than RaJAttyp) = aa Resistance Junction to 
7 i mobpien 


PD(Ta) = 


| (M) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Temperature Range 


Device Package 
MC3430L 0°C to +70°C © Ceramic DIP 
MC3430P 0°C to +70°C Plastic DIP- 
MC3431L 0°C to +70°C Ceramic DIP MC3430 
MC3431P O°C to +70°C Plastic DIP 
MC3432L 0°C to +70°C Ceramic DIP thru 
MC3432P 0°C to +70°C Plastic DIP 
MC3433L 0°C to +70°C Ceramic DIP ; 
MC3433P 0°C to +70°C Plastic DIP MC34 33 


QUAD DIFFERENTIAL VOLTAGE 
COMPARATOR/SENSE AMPLIFIERS 


QUAD HIGH-SPEED 
VOLTAGE COMPARATORS 


SILICON MONOLITHIC 


INTEGRATED CIRCUITS 


The MC3430 thru MC3433 high-speed comparators are ideal for 
application as sense amplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset 
voltage, input offset current, voltage gain, temperature variations 
and input common-mode range into a single functional parameter. 
This parameter, called Input Sensitivity, specifies a minimum differ- 
ential input voltage which will guarantee a given are state. Four 
variations are offered in the comparator series. 

The MC3430 and MC3431 versions feature a three-state strobe 
input common to.-all four channels which can be used to place the ~ 
four outputs in a high-impedance state. These two devices use 
active-pull-up MTTL compatible outputs. The MC3432 and MC3433 
are open-collector types which permit the implied AND connection. — 
The MC3430 and MC3432 versions are specified for a +7.0 mV input 
sensitivity over the 0 to 70°C temperature range, while the MC3431 
and MC3433 are specified for +12 mV. 


P. SUFFIX 
PLASTIC PACKAGE 
CASE 648 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


CONNECTION DIAGRAM 


© Propagation Delay Time — 40 ns _ 
@ Outputs Specified for a Fanout of 10 (MC7400 type loads) 


® Specified for all conditions of £5% Power Supply Variations, 
Operating Temperature Range, Input Common-Mode Voltage ° 
Swing from -3.0 V to 3.0 V, and Rg < 200 ohms. 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


1-K WORD 1-K WORD 1-K WORD 1-K WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1-K WORD 1-K WORD 1-K WORD 1-K WORD 
MOS MEMORY MQS MEMORY MOS MEMORY MOS MEMORY 


1-K WORD 1-K WORD 1-K WORD 4-K WORD . MC3430 thru 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY BIT MC3433 


| UK WORD 1-K WORD 1-K WORD 
MOS MEMORY] |MOS MEMORY|T |MOS MEMORY 


TRUTH TABLE 
MC3430 and MC3432 


Vip 27.0 mv 


Ta = 0 to 70°C 


-7.0 MV RVip 


< 7.0mv 


ras ose me| Hf om MOMS? 
Vip <-7.0 mv a Mc3430| ° 


Ta = Oto 70°C toe 


TRUTH TABLE 
MC3431.and MC3433 


| ___input [strobe] Output | Device _| 
Vip Iz mv Ear baae 


|ra= 0% 70%} +} ST caaaa| 


reed 
ae 


1-K WORD | 


MOS MEMORY ie BD; QDATA BIT #4 


{ 
| 
| 
200 | 
| 
| 
| 


DATA BIT OUTPUT #3 
O 
ODATA BIT #3 


DATA BIT OUTPUT #2 


O DATA BIT #2 


-12 mV KVip 


DATA BIT OUTPUT #1 


18k ~ O DATA BIT #1 _ 


STROBE 


Les 


Only four. devices are required for a 
4-k word by 16-bit memory system. ~ 


L = Low Logic State Z = Third (High Impedance) 


H = High Logic State "1 = tndeterminate State 
RS.< 200 2- 
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MC3430, MC3431, MC3432, MC3433_ 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Output Voltage (MC3432 — 33 versions) 


Junction Temperature 
Ceramic Package 
Plastic Package 


Operating Temperature Range 
Storage Temperature Range 


5 
-5.0 


Common-Mode Input Voltage Range 


Input Voitage Range (any input to Ground) 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, Veg = -5.0 Vde, Ta = 0°C to +70°C unless otherwise noted.) 
Typical Values are Measured at Ta = 25°C 


) ae MC3431 
Characteristic 


Input Sensitivity (See Discussion on Page 3) 
(Rg <200 Ohms) 
(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
4.78< Vcc <5.25V 1 _ 550, MC3430, MC3432 
-4.75>Vege >-5.25v 4 MC3431, MC3433 
(Common Mode Voltage Range = ~3. OV <Vjin <3.0 V) 
4.75 S Vcc 5.25 V (TA =0t0 roc { MESASC, MC3432 
-4.75>Veg >-5.25V 4 MC3431, MC3433 


Input Offset Voltage ; 
(Rg <200 Ohms) 
Input Bias Current 


‘Voc = §.25 V, Veg = -5.25 Vv) MC3430, MC3432 
MC3431, MC3433 


ViLis) 


Strobe Current (Low State) NL(s) 
(Vcc = 5.25 V, VEE = -5.25 V, Vin = 0.4 V) 
Strobe Current (High State) 
(Voc = 5.25 V, Veg = -5.25 V, Vin = 2.4 V) 
(Voc = 5.25 V, Veg = -5.25 V, Vin = 5.25 V) 


Output Voltage (High State) : cael 


: 


<< 
<3 


(Ip = -400 WA, Voc = 4.75 V, Veg = -4.75 V) 


“(Ig = 16 mA, Voc = 4.75 V, pVpes 4.75 V) 

* Output Leakage Current : ; 
(Voc = 4.75 V, Vee* -4.75 V, Vo= 5.25 V) 

PO Mecrsaviversay | | 
(Vec = 5.25 V, Veg = -5.25 V) 
(Voc = 5.25 V, Veg = -5.25 V) 

High Logic Level Supply Currents 
(Voc = 5.25 V, Veg = -6.25 V) ~. | tee 

-@& MOTOROLA Semiconductor Products tne. 


Lop 
wy O 
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MC3430, MC3431, MC3432, MC3433 


A UNIQUE FUNCTIONAL PARAMETER FOR COMPARATORS 


A unique approach is used in specifying the MC3430-33 quad 
comparators. Previously, comparators have been specified as linear 
devices with common operational amplifier type parameters such 
as voltage gain (Ayo), input offset voltage (Vio), input offset 
current. (ljQ) and common-mode rejection ratio (CMRR). This is 
true despite the fact that most comparators are seldom operated in 
their linear region because it is difficult to hold a high gain com- 
parator in this narrow region. Comparators are normally used to 
“‘detect’’ when an unknown voltage level exceeds a given reference 
voltage. 

The most desirable comparator parameter is what minimum dif- 
ferential input voltage is required at the comparator’s input ter- 
minals to guarantee a given output logic state. This new and im- 
portant parameter has. been called input sensitivity (Vjgs) and is 
analagous to the input threshold voltage specification on a core 
memory sense amplifier. The input sensitivity specification in- 
cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 

In order to make this parameter as inclusive as possible on the 
MC3430-33 series quad: comparators, the input sensitivity is speci- 
fied within the following conditions: 

Commerciat Temperature Range — 0 to 70°C 

Power Supply Variations — +5% (all conditions) 

input Source Resistance — <200 Ohms 

Common-Mode Voltage Range — -3.0 V to +3.0 V 


Note: Typical values have been included on the omitted parameters _ 


for applications where the offset voltages are externally nulled. 

Voltage gain is defined as the ratio of the resulting AVo to a 
change in the Vipr using conditions at which the Vio and lio 
are nulled. Thus, for worst case MTTL logic levels, the required 
output voltage change is 2.0 V (VoHmin — Vo_max = 2.4 V — 


0.4 V). If 2.0 mV are required at the input terminals to induce 
this change in logic state, the voltage gain would be 1000 V/V. 

Gain however is not the only factor affecting the logic tran- 
sition. Normally input offset voltages, that are not externally 
nulled, can add an appreciable error that drastically: overshadows 
the comparator gain. Therefore, the 2.0 mV for example, required 
to cause the logic transition is often masked. An input offset 
voltage of up to 7.5 mV might be required to reach the linear 
region. A further consideration is the input offset current of up to 
+10 pA flowing through the matched 200-Ohm source resistors at 
the input terminals which can create an additional error of +2.0 
mV. in order to determine a worst case input sensitivity, it must 
be assumed that minimum specified gain and maximum specified 
offset voltage and current conditions exist. Also it must be as- 
sumed that these three factors are cumulative, requiring a worst 
case input of: 

Logic Transition = 2.0 mV 

Vio = 7.5 mv 

'19 of £10 WA thru 200-Ohm resistor = 2.0 mV 
Therefore, 2+ 7.5+2= 11.5 mV. 


The effects of power supply voltage variations, temperature 
changes and common-mode input voltage: conditions have not 
been considered, as they are not present in the gain and offset 
specifications on most comparators. 

Thus, the input sensitivity specification greatly reduces the 
effort required in determining the worst case differential voltage 
required by a given comparator type. 

Table | compares the worst case input sensitivity of three 
popular comparator types at both room temperature and over the 
specified commercial temperature range (0 to 70°C). This sensi- 
tivity was computed from the specified voltage gain, offset voltage 
and offset current limits. 


TABLE | — WORST CASE COMPARISONS 


Vio | Avot” 
Sensitivity | mV | V/V 
Max | Typ 


VIO | Ayal" 
mV [V/V 
Max | Typ 


for 3.0 V Output 
Change 


200 2 Source 
Resistors 


3.0 mV 
0.0012 mV 


. 20mVv 
0.01 5mvV 


*Typical values given, as minimum gain not always specified. 
**119 measured in nA 


FIGURE 2 —- GUARANTEED OUTPUT STATE versus 
DIFFERENTIAL INPUT VOLTAGE 


Uncertainty — 
Region 
MC3430 
MC3432 


Uncertainty 
Region 
MC3431 
MC3433 


-3.0V<VicR <3.0V 


Vg, OUTPUT VG LTAGE (VOLTS) 


me 
St t+ Ht 475V<Voc<525V 


0°C <TA< 70°C 
Rg < 2002 


15 20 25 30 36 
DIFFERENTIAL INPUT VOLTAGE (mV) 


— (AA) MOTOROLA Senuconducter Products inc. 


10 
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Ta = Oto 70°C 
Differential Input lio Error Voltage 
Voltage Required | Rg = S00 21 Generated Into 
for 3.0 V Output 
Change 


3.0 mV 
0.030 mV 


5.0 mV 
0.014 mV 


FIGURE 3 — GUARANTEED OUTPUT STATE versus 


INPUT VOLTAGE 
40 
Undetermined 
3.0 Region 
a (Expanded 
a 2.0 
o 
= 
3 1.0 
= . ail Vin(8) 
a (0 OH 
> State VinlA) 
5 10 
= Rs < 20002 
@ -2.0 -3.0V <VicR <3.0V 
= 0°C <Ta < 70°C 
~3.0 4.765V< Veco <5.25V 
ve -4.75 V > VEE > -5.25 V 
4.0 -3.0 - -2.0 -1.0 0 1.0 20 © 3.0 40 


Vin(A), INPUT VOLTAGE (VOLTS) 


'MC3430, MC3431, MC3432, MC3433 


SWITCHING CHARACTERISTICS (Vcc = +5.0 Vde, Veg = -5.0 Vde, Ta= 425°C unless otherwise noted.) 


ee ee 


Cheese 


igh Rc Nl ll al 
Time Ap intecontiat Inputs) 5.0 mV + Vis 
Foe Oiteenid newseomveye |e Leen | | 
Time (Differential Inputs) 5.0 mV + Vy 
Open State to High Logic Level Propagation 
Delay Time (Strobe) 


High Logic Level to Open State Propagation 
Delay Time (Strobe) 

Open State to Low Logic Level Propagation tpZL(S) 
Delay Time (Strobe) 


Low Logic Level to Open State Propagation tpLz(s) 
Delay Time (Strobe) 
High Logic to Low Logic Levet Propagation tPHL(S) Hee 


Delay Time (Strobe) 


Low Logic to High Logic Level Propagation tPpLH(S) 
Delay Time (Strobe} 


TEST CIRCUITS . 
FIGURE 4 — STROBE PROPAGATION DELAY TIMES tp2(s), tPZL(S). tPHZ(S), 894 tPZH(S) - 


+5.0V 


IN916 


or equiv 
=e ey) : . : C__ includes jig and probe capacitance. 
Ejn waveform characteristics: 
tTLH and trHL < 10 ns measured 10% to 90%, 


PRR = 1.0 MHz 


4 aa Duty Cycle = 50% 
Eo = 
Output of Channel 8 shown under test, 
other channels are tested similarly. 
tPLZ(s) tPHz(S) tPHZ(S) 
w15V 
3.0 V 
: Ein OV—--- 
tPZL(S) ‘tPZL{S) tpzH(s) 


5.0V-VD4 


Eo 1.5V 


(AK) MOTOROLA Semiconductor Products Inc. 
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MC3430, MC3431, MC3432, MC3433 


\ 


FIGURE 5 — STROBE PROPAGATION DELAY tpi p(s) AND tpHL(s) 


+5.0 V 


Ein waveform characteristics: : 
tTLH and triL < 10 ns measured 10% to 90%. 
PRR = 1.0 MHz 
Duty Cycte = 50% 


FIGURE 6 — DIFFERENTIAL INPUT PROPAGATION DELAY tp ip) AND tpHL(p) 


+5.0V 


MC3430 
thru 
MC3433 


Ein waveform characteristics: 
tTLH and try. < 10 ns measured 10% to 90%. 
PRR = 1.0 MHz 

Duty Cycle = 50% 


Output of Channel B shown under test, other channels are tested similarly. 


‘Device VrRefmvV, 


$1 at “A” for MC3430, MC3431 
S17 at 'B” for MC3432, MC3433 
C_. = 50 pF total for MC3430, MC3431 
Cy = 15 pF total for MC3432, MC3433 


FIGURE 7 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


TO OTHER 
COMPARATORS 


Dashed components apply to the MC3430 and MC3431 circuits only. 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC3430, MC3431, MC3432, MC3433 


TYPICAL PERFORMANCE CURVES 


RESPONSE TIME versus OVERDRIVE — MC3430, MC3431 


FIGURE 8 ~- OUTPUT LOW TO HIGH 


Veco =5.0V 
Vee=-5.0vV] [fy | 


TIME (ns) 


FIGURE 9 ~ OUTPUT HIGH TO LOW 


REDE PSR FRR a Das Fe SN a SS a 

=. Vec = 5.0 V he Ne de Me eee oh de he 

py Meese ft eae ed 

ea? Ae ee hel eed | 
=e 


a a ane 
E CLE T WW C 
S = SD '\\ a 
5 ee NVA se 
BE Crrr BD \\ Ge 

me ee a AK a a 

ae ae ee SAS SS Gee 
7 isa OM Pa Oe 
2omv| | | | | [ | f {| {| [ | 


-20 -10 0 10 20 30 40 50 
TIME (ns) 


RESPONSE TIME versus OVERDRIVE — MC3432, MC3433 — 


FIGURE 10 — OUTPUT LOW TO HIGH 


Vee =5.0V 


|_| Vee = -6.0V [LAX / |_| 

Pf TA= 25% I SAAZ VA 
LWALZ TILT, 
AVA" om 


OUTPUT VOLTAGE 


TIME (ns) 


FIGURE 12 — AVERAGE INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


INPUT OFFSET VOLTAGE (mV) 


AMBIENT TEMPERATURE (9C) 


TIME (ns) 


FIGURE 11 —- OUTPUT HIGH TO LOW 


5.0V 


Tt vecwsov 1 IVAN | = 
|| vec=-50v 7 | AAA VY |__| 
| Ta = 25°C 

uw 

oO 

= 

al 

o 

> 

5 

= 

= 

oO 

V6 Th 
2oomvyy | ot Tl hd 
TAs SIRES i (a (eee HR CS a a A A 
-20 -10 0 10 20 30 40 50 
TIME (ns) 


FIGURE 13 — RESPONSE TIME versus TEMPERATURE 


cc = 5.0 
VEE = -5.0 


Vref = 100 
Overdrive = 100 


AMBIENT TEMPERATURE (°C) 


(A) MOTOROLA Semiconductor Products Inc. 


2 
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MC3430, MC3431, MC3432, MC3433 


APPLICATIONS INFORMATION 
22 
re 05.0 V FIGURE 14 ~ 4-BIT PARALLEL A/D CONVERTER 


INO14 2N3904 or equiv. 


+B) (G+ 0) (E+ F) (H+ J) (K+ 1) (M+ N) (P+ R) (5S) 
+ DV (F + sy (LD +N) (RD 


5.0V9 


Each Comparator 2 
1/4 of MC3432 Conversion Time =50ns 270 


2 


Py) 


Bs 


i 


2 


2 


D 


2 zB 


x 


r 
it 


x 
é 


RUSRRRTenrerre 
i 


2D 


P] 


MC3008 
pa LE 


MC3004 


R=3.02 +5% 


FIGURE 15 — LEVEL DETECTOR WITH HYSTERESIS _ FIGURE 16 — TRANSFER CHARACTERISTICS AND 
EQUATIONS FOR FIGURE 15 


Vo (VOLTS) 


Vin (VOLTS) 
R2 [Vo(max) — VREF! 


Vhigh = Vref * Ri + R2 
R2 [Vv in) ~ Vv } 
Viow = Vret+ O(min) REF 


R1+R2 
Hysteresis Loop (Vp) 


R2 7 
Vib = Vhigh ~ Viow = ayy qa [Vo(max) ~ Va(min)! 
(AA) MOTOROLA Semiconductor Products Inc. 
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-MC3430, MC3431, MC3432,MC3433 


FIGURE 17 — DOUBLE ENDED LIMIT DETECTOR - FIGURE 18 — VOLTAGE TRANSFER FUNCTION 


Enable 


Vref (high) © 


1/4 MC3432 
MC3433 


Vref (tow) O 


Vref (low) Vref (high) 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the su pply voltages and supply 
can tolerate at a given operating ambient temperature, can. _ currents at the worst case operating condition. 
me toune on We eduavon: my T3(max)'= Maximum Operating Junction Temperature 
Tmax) TA as listed in the Maximum Ratings Section: 
Re JalTyp) Ta = Maximum Desired Operating Ambient 
Where: Pp(T a) = Power Dissipation allowable at a given Temperature 


operating ambient temperature. This must be greater than RoJa(Typ) = oe Resistance Junction :te 


PDITa) = 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. 


. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. 


Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 


complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


(AA) moronoua Semiconductor Products Inc. 
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ORDERING INFORMATION 


Alternate 
MLM311G LM311H 
MLM311P1 LM311N 
MLM311L,U - 
MLM31 1F — 
MLM211G _ 
MLM211L,U _ 
MLM211F a 
MLM111G — 
MLM111L,U _ 
MLM111F — 


Device 


Temperature 

Range Package 

O°C to +70°C Metal Can 
O°C to +70°C Plastic DIP 
O°C to +70°C Ceramic DIP 
0°C to +70°C Ceramic Fiat 
—25°C to +85°C = Metal Can 
—25°C to +85°C Ceramic DIP 
—25°C to +85°C Ceramic Flat 
—55°C to +125°C Metal Can 


—55°C to +125°C Ceramic DIP 
—55°C to +125°C Ceramic Flat 


HIGHLY FLEXIBLE VOLTAGE COMPARATORS 


The ability to operate from a single power supply of 5.0 to 30 
volts or +15-volt split supplies, as commonly used with operational 
amplifiers, makes. the MLM111/MLM211/MLM311 a truly versatile 
comparator. Moreover, the inputs of the device can be isolated from 
system ground while the output can drive loads referenced either to 
‘ground, the Vcc or the Veg supply. This flexibility makes it 
possible to. drive MDTL, MRTL, MTTL, or MOS logic. The output 
can also switch voltages to 50 volts at currents to 50 mA. Thus the 
MLM111/MLM211/MLM311 can be used to drive relays, lamps or 


solenoids. 


SUGGESTED COMPARATOR DESIGN CONFIGURATIONS — 


SPLIT POWER-SUPPLY with 
OFFSET BALANCE 


GROUND-REFERRED LOAD 


Vec 


INPUTS 
OUTPUT 


Input polarity is reversed when 
GND pin is used as an output. 


LOAD REFERRED to 
POSITIVE SUPPLY 


OUTPUT 
GND 


SINGLE SUPPLY 


Vec 


LOAD REFERRED to 
NEGATIVE SUPPLY 


Vec 


INPUTS 
OUTPUT 


Rr 


Input polarity is reversed when 
GND pin is used as an output. 


STROBE CAPABILITY 


OUTPUT 


MTTL 
STROBE 
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HIGH PERFORMANCE 
VOLTAGE COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


FSUFFIX . 
CERAMIC PACKAGE 
CASE 606 | 


9 OUTPUT 

8 NC 

7 BALANCE/STROBE 
6 BALANCE 


ql 


(Top View) ~ 


(Top View) 


G - GSUFFIX  ——<C~SS 
METAL PACKAGE 
CASE 601 


8 BALANCE/STROBE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


3 
‘ INPUTS 6 


_} 9 OUTPUT 


BALANCE 7 (j L] 8 BALANCE/STROBE 


{Top View) 


~~ PTSUFFIX SUFFIX 
PLASTIC PACKAGE 
_ CASE 626 
_ > (MLM311 Onty) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


8 Vec 

7 OUTPUT 

6 BALANCE/STROBE 
5 BALANCE 


(Top View) 


MLM111, MLM211, MLM311 


, a : 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


| 
M111 
Rating et MLM311 
Total Supply Voltage Veo+WVeclf 36 86 
Output to Negative Supply Voltage Vo-Vee J 50) 
| de 


Ground to Negative Supply Voltage 


Differential Input. Voltage ‘ Vip. 


input Voltage (See Note 1) i 


Power Dissipation (Pkg. Limitation) : 
Metal! Package 
Derate above Tg = +25°C 
Flat Package 
Derate above Ta = +25°C 
Plastic* and Ceramic Dual In-Line Packages - 
Derate above Ta = +25°C 


Operating Temperatures Range 


Vde 
Vde 
Vde 
Vdc 
Vde 


MLM111 -55 to +125 - 
MLM211 -25 to +85 - 
MLM311 = 0 to +70 


-65 to +150 || -65 to +150 


Storage Temperature Range 


*MLM311P1 only is available in the plastic dual in-line package. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


Characteristic 


+ 


Input Offset Voltage (See Note 2.) 

Rg <50kQ, Ta = +25°C 

Rg <50k2, Tiow* STA <Thigh’* 
Input Offset Current (See Note 2.) 

Ta = +28°C 

Tow STA ST hig 
Input Bias Current 

Ta = +25°C 

Tiow STA SThigh 

| 


Saturation Voltage 
Ta = +25°C, Vip <-5.0 mV, Io = 50 mA 
Vip S-10 mV, lo = 50 mA 
Tlow <TA <Thigh. Voc 24.5 V, Veg =0 
Vip <-6.0 mV, Isink 8.0 MA 
Vip S-10 mV, tsink <8.0 mA 


Strobe ‘’On’’ Current = 


| Output Leakage Current 
Ta = +28°C, Vip. 25.0 mV, Vo = 35 V 
Vip 210 mV, Vo = 35 Vv 
Tiow STA SThigh: Vip 25.0 mV, Vo = 35 V 
Input Voltage Range 
Tlow STA SThigh 
Positive Supply Current 


*Thow = ~55°C for MLM111 Thigh = +125°C for MLM111 


= ~25°C for MLM211 = +85°C for MLM211 
= 0 for MLM311 ; ; _ = +70°C for MLM311 ; 
Note 1. This rating applies for +15-volt supplies. The positive input voltage limit is 30 volts above the negative supply. The negative input 


voltage limit is equal to the negative supply voltage or 30. volts below the positive supply, whichever is less. 


“Note 2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply 
with a 1.0-mA load. Thus, these parameters define an error band and take into account the “worst case’’ effects of voltage gain and 
input impedance. Canes . : , : 


Note 3... The response ‘time specified is for a 100-mV input step with 5.0-mV overdrive. 
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lip, INPUT BIAS CURRENT (nA) 


Visat), SATURATION VO LTAG E (V) 


MLM111, MLM211, MLM311 


BALANCE © 


BALANCE/o 
STROBE 


FIGURE 1 — CIRCUIT SCHEMATIC 


TYPICAL CHARACTERISTICS 


FIGURE 2 — INPUT BIAS CURRENT and INPUT OFFSET 
CURRENT versus TEMPERATURE 


FIGURE 3 — COMMON-MODE LIMITS versus TEMPERATURE 


100 10 g 10p 0 5 
(x) 
= MLM111 AND = 
= c 
80 < rr MLM211 ONLY ry 
b & Fs 
.@ Es ES 
60 60S S+ =. 
oO wit wl 
5 3S oe 
2 fu =3 
ao 3 
40 4095 E> z = 
: i =o ak 
z= 2° = 
ho. 2 8 3 
MLM111. 205 uw 2.0 
‘MEM211 22 > 
= 
<x a 
0 a 0 = gb a 25 = 
0 ~40 -20 i) +20 +40) «+60 +80) +100 +120 +140 ~ +60 -40. -20 0 +20 +40 +60 +80 .+100 +120 +140 
T, TEMPERATURE (°C) : : T, TEMPERATURE (9C) 
FIGURE 4 — OUTPUT SATURATION VOLTAGE versus FIGURE 5 — EQUIVALENT OFFSET ERROR versus 


OUTPUT CURRENT 


MLM111 
MLM211 
MLM311 


Io, OUTPUT CURRENT (mA) 


INPUT RESISTANCE 


MLM311 


ne AB 47, 
a 4928" 61 


MeZ47671ill 


ZO Allll 


r. a a 
Te 1 


Pt | ee i_ MLMi11,MLM211 | | 


} MLM311 TYPICAL 
TYPICAL 


Wk 100 k 1.0M 10 
: Rin, INPUT RESISTANCE (22) 


EQUIVALENT INPUT OFFSET VOLTAGE (mV) 


6-33 


MLM111, MLM211, MLM311 


APPLICATIONS INFORMATION. , 


FIGURE 6 — ZERO-CROSSING DETECTOR DRIVING 
MOS LOGIC : FIGURE 7 — RELAY DRIVER WITH STROBE CAPABILITY 


BALANCE 
AOJUST 
BALANCE : 
INPUT . INPUTS 
Vv 
CC output _ 
O OUTPUT 


/ P TO MOS LOGIC 


“Zener Diode D1 


protects the comparator 
from inductive kickback 
= and voitage transients - 
MTTL on the Vec2 supply line. 
STROBE 


ee ye ahs 634 


ORDERING INFORMATION 


Temperature 
Device Alternate Range Package 
MLM139L —_ —55°C to +125°C Ceramic DIP 
MLM239L. —_ -40°C to +85°C Ceramic DIP 
MLM239P — -—40°C to +85°C Plastic DIP 
MLM339L — — o°c to +70°C Ceramic DIP 
MLM339P LM339N o°c to +70°C Plastic DIP 


‘QUAD SINGLE-SUPPLY COMPARATORS 


. These comparators are designed for use in level-detection, low- | 
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications. 


' @ Power Supply Options — 
Single Supply = 2.0 to 36 Vdc 
Split Supplies = +1.0 -+18 Vdc 
Wide Operating Temperature Range — -55 to +125°C 
’ Low Supply Current Drain — 2.0 mA (Max) 
Low Input Biasing Current — 25 nA (Typ) 
Low Input Offset Voltage — 5.0 mV (Max) 
TTL and CMOS Compatible 


MAXIMUM RATINGS 


PCRating «dS Syme] Vetus [Unit | 


Power Dissipation @ Ta = 25°C 

Ceramic Package 
Derate above 25°C 

Plastic Package 

Derate above 25°C 

Operating Ambient Temperature Range 

MLM139 -55 to +125 °% 

MLM239 i ; -40 to +85 | 

MLM339 0 to +70 


‘| Storage Temperature Range -65 to +150 


[Input Differential Voltage Range | Vip =| 386 | de 
Input Common Mode Voltage Range : 
Fourput Sink Current ———SSSCS~S~S ging | 20d mA 


_ MLM139 
MLM239 — 


— MLM339 


QUAD COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MLM239 and 

MLM339 only) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


Output 


TO-116. 


PIN CONNECTIONS 


| 100m 


Output 


i 


MLM139, MLM239, MLM339 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Ta = 25°C unless otherwise noted.) 
ee cscsceacocacs 
| Max | 
Input Offset Voltage © Vio 
(Vref = 1.4 Vde, Vo = 1.4 Vde,Rg=0) 


Input Offset Current | to | 


tnput Bias Current 


Input Common Mode Voltage Range (Note 1) 3 YT Vier Fal 


Supply Current : ; 
(Ri = 00} : 


Response Time (Note 2) 
(Vat = 5.0 Vde, Ry = 5.1 k®) 


Output Sink Current 
(Vy(_) = +1.0 Vde, Vj(4) = 0, Vo < +1.5 Vde) 
(Vi(-) = +1.0 Vde, Vi(4+) = 0, Vg < 500 mVdc} 


Saturation Voltage 
(Vj(-) 2 $1.0 Vde, Vi (+) = 0, Isink < 4.0 mAdc) 
(Vy(_) = +1.0 Vde, Vj (+) = 0, Isink < 6.0 mAde) 


Voltage Gain (Voc = 15 V) Ay k 
ae bee aM le a 

Output Leakage Current lor 0.1 BA 
(Vi(+) = +1.0 Vde, Vy(_) = 0, Vo = 5.0 Vdc) 


1 -55to+125°C | -40°C to +85°C 0° to 70°C 
Characteristic - Symbol Typ | Max | |Min | Typ | Max | 


a i ie Gin 


| = | +100 | [=| = [2180 | na_ 
ee [400 | - | = [400 | na | 


Vcc Vcc Vec | Vde 
-2.0 ~2.0 -2.0 |. 
[ee ee a cae al 
BA 
(Vi(+) 2 1.0 Vde, Vy(-) = 0, Vo = 30 Vdc) 
‘| Input Differential Voltage Vde 
(All Vj =QVdce) 
Notes t. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range is Voc -1.5 V, but either or both inputs can go to +30 Vde without damage. 


2. The response time specified is for a 100 mV. input step with 5 mV overdrive. For larger signals, 300 ns is typical. 


Wh 


input Offset Voltage 
- (Vreg = +1.4 Vde, Vo = 1.4 Vde,Rg =0)  - 


ia 

_ 
a 
o 


Output Leakage Current 


Saturation Voltage a) ; 
(V\(-) = 1.0 Vde, Vi(+) = 9, Igink < 4.0 mAdc) . 


< 
ao] 


o : FIGURE 3 —- NON-INVERTING COMPARATOR WITH 
FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS HYSTERESIS 


*+Vec 


RREF 
10k 
: ws 
VIN © 
Wages een 
1M Rrer + Rt 
 -R2® R1//RRer 
R3~R1//Rrer// RI Amount of Hysteresis Vay 
R1//R 5 : 
AEF (Vomax -VOmin) R2 


4” Ri//Arer + R2 YH" aoa pa !VOmax - Vomin) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MLM 139, MLM239, MLM339 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vdc, Ta = +25°C (each comparator) unless otherwise noted. ) 


FIGURE 4 — INPUT OFFSET VOLTAGE > "FIGURE 5 — INPUT BIAS CURRENT 


60 fail 
SeSne QR eRe == 
' ew ie llc 
5 ee eee 
& Pea ia iar 
é oe Od 
e Z ptt tT 
ee eS ee 
2 eeacesias 
: ee fa a 
2 = 
Pee spe bate ded dade Sou IES 
5 ae 
" -40 -20 0 +20 +40 +60 +80 +100 0 4.0 8.0 24 28 


Ta, AMBIENT TEMPERATURE (°C) . ; Vec (Vde) 


: : FIGURE 7 — OUTPUT CURRENT versus 
FIGURE 6 — OFFSET BIASCURRENT | : OUTPUT VOLTAGE 


fit t ttt ty 
eee ee ease ae 
Red oe A Sh al Ea 
ioc Ol Oe 
| TAN 

Led 
Ey 


Meares 
ee ey ae 


19, OUTPUT CURRENT (mA). 


NORMALIZED OFFSET CURRENT 


Slope can be either polarity. 


. 0 
-40 -20 0 +20 +40 +60 +80 +100 0 > 100 200 300 400 500 


VoL, OUTPUT LEAKAGE VOLTAGE (mV) 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — DRIVING LOGIC FIGURE 9 — SQUAREWAVE OSCILLATOR 


Vee 


1/4 MLM139 


Seah Wheat fi 
a le 


. TIi=T2= 0.69 RC 


Rg = Source Resistance : 
R1= Rs 


Vcc Rt 

LOGIC DEVICE Voits =n 
vamci4ooi| +16. | 
Ce reneree [as [re 


7.2 


= 


~ G(HF) 


R2=R3= R4. 
Ri * R2//R3//R4 


x) MOTOROLA Semiconductor Products Inc. 
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MLM139, MLM239, MLM339 


APPLICATIONS INFORMATION 


\ 


The MLM139, MLM239 and MLM339 are quad com- * <10 kQ should be used. The addition of positive feedback 


parators having high gain, wide bandwidth characteristics. (<10 mV) is also recommended. 
This gives the device oscillation tendencies if the outputs . It is good design practice to ground all unused pins. 
are capacitively coupled to the inputs via stray capacitance. Differential input voltages may be larger than supply 
This oscillation manifests itself during output transitions voltage without damaging the comparator’s input voltages. 
(VOL to VOH). To alleviate this situation input resistors _ More.negative than -300 mV should not be used. 
FIGURE 10 — ZERO CROSSING DETECTOR FIGURE 11 — ZERO CROSSING DETECTOR 
(Single Supply) (Split Supplies) 


Vinmin 0.4 V peak for 1% phase distortion (AQ). 


V.iNmin 


01 prevents input from going negative by more than 0.6 V. 
R1+ R2= R3 


as<® 


5 = 3 : 
To for small error in zero crossing 


(AA) MOTOROLA Semiconductor Products inc. 
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ORDERING INFORMATION 


. Temperature 
Device Alternate Range Package 
MLM139AL —_ —55°C to +125°C Ceramic DIP 
MLM239AL _ —40°C to +85°C - Ceramic DIP 
MLM239AP _— -40°C to +85°C Plastic DIP 
MLM339AL _ O°C to +70°C Ceramic DIP 
MLM339AP LM339AN 0°C to +70°C Plastic DIP 


QUAD SINGLE-SUPPLY COMPARATORS 


_ These comparators are designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications: - 


@ Power Supply Options — 
Single Supply = 2.0 to 36 Vdc 
Split Supplies = 1.0 -£18 Vdc 


Wide Operating Temperature Range — -55 to +125°C 
Low Supply Current Drain = 2.0 mA (Max) 

Low Input Biasing Current — 25 nA (Typ) 

Low Input Offset Voltage — 2.0 mV (Max) — 

TTL and CMOS Compatible 


MAXIMUM RATINGS 


[Unit | 
pve 
Power Dissipation @ Ta = 25°C 
Ceramic Package 
Derate above 25°C . 
Plastic Package 
Deraté above 25°C - 
Operating Ambient Temperature Range 
MLM139A 
MLM239A 
MLM339A 


Storage Temperature Range 


-55 to +125 
-40 to +85 
0to +70 
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‘Input ¢ 


MLM139A 
MLM239A 
‘MLM339A 


QUAD COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646" 

_ (MLM239A ‘and 
MLM339A onty) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


Output 
3 


Output 


Input 
1 


1+ 
Input 
2- 


Input 
2+ 


i uA 


Output 


-MLM139A, MLM239A, MLM339A 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Ta = 25°C untess agherwise noted.) 


Input Offset Voltage Vio 
(Vre¢ = 1.4 Vdc, Vo = 1.4 Vdc, Rg = 0) 


tnput Offset Current | to | 
Input Bias Current . | lip | 


Input Common Mode Voltage Range (Note 1) 
Supply Current ; lec 
(Ru =~) IEE 
Response Time (Note 2) - 
(Vat ='5.0 Vde, RE = 5.1 k&2) 


Output Sink Current 

(Vi¢-) # +1.0 Vde, Vi(+) = 0, Vo € +1.5 Vde) 
(Vic_) # +1.0 Vde, Vi(+) = 0, Va < 500 mMVdc) 
Saturation Voltage 


(Vy(-) 2 +1.0 Vde, V4(+) = 0, Isink < 4.0 mAdc) 
(Viq.y 2 +1.0 Vde, Vi(+) = 0, Isink < 6.0 mAdc) 


Voltage Gain (Vcc = 15 V) Ay 
(Ry 215 k&2): 


Output Leakage Current lou 
(Vi(+) 2 +1.0 Vde, Vy(_) = 0, Vo = 5.0 Vdc) 


E4 
AS 
an 7) 
FT 

= 

| 
= 

B 

> 

= 

c 

= 

8 

> 


oa) QO 
° oo 


E 
Q 
aD 


Input Offset Voltage 
(Vref = +1.4 Vde, Vo = 1.4 Vdc, Rg = 0) 


Saturation Voltage 

(Vy(_) = 1.0 Vde, Vi(+) = 0, Isink < 4.0 mAdc) 
Output Leakage Current 

(Vi(4) # 1.0 Vde, Vi(_) = 0, Vo = 30 Vde) 


Notes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range is Vcc -1.5 V, but either or both inputs can go, to +30 Vdc without damage. 
2. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger signals, 300 ns is typical. 


a 


FIGURE 3 — NON-INVERTING COMPARATOR WITH 


FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS HYSTERESIS 


+Vec : + Vec 


10k 
Vo 
VIN 
Vv R1 
Vrer = --e 
M : Rrer t+ R1 
RI sa 
Vaer = oot 
f Rrert R1. ° : R2> Ri//RrRer 
R3 = R1// Rreg// AY ne Amount of Hysteresis Vjy 
R1//Reer 


VH= 


—_— Vv -V ; R2 
R1//Arer + R2 (Vomax Omin) 


‘ 


(AA) MOTOROLA Semiconductor Products Inc. 
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VH* Boa Ag. [VOmax - VOmin) 


MLM139A, M LM239A, M LM339A 


NORMALIZED OFFSET VOLTAGE 


NORMALIZED OFFSET CURRENT _ 


TYPICAL CHARACTERISTICS. 
(Vcc = +15 Vde, Ta = +25°C (each comparator) unless otherwise noted.) 


FIGURE 4 — INPUT OFFSET VOLTAGE 


+80 +100 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — OFFSET BIAS CURRENT 


0 +20 +40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — DRIVING LOGIC: 


1/4 MLM139A4 ~ +Veco 


Rg = Source Resistance 
Ri=Rs 


Vcc 
LOGIC DEVICE Volts s 


a 
[rr framers [+8 [10 


OF MOTOROLA Semiconductor Products inc. 


lig, INPUT BIAS CURRENT (nA} 


9, OUTPUT CURRENT (mA) 


6-41 


FIGURE 5 — INPUT BIAS CURRENT 


EV veal 
SBE 


— 


Vee (Vde) 


FIGURE 7 — OUTPUT CURRENT versus 


OUTPUT VOL TAGE 


VoL, OUTPUT LEAKAGE VOLTAGE (mV) 


FIGURE 9 — 


SQUAREWAVE OSCILLATOR 


a 
2 — 
T1=T2=0.69 RC - 
~ 7-2. 
C (uF) 
~ RZ2=R3= R4 
Ri = R2//R3//R4 


MLM139A, MLM239A, MLM339A 


APPLICATIONS INFORMATION 


The MLM139A, MLM239A and MLM339A are quad ' 


comparators having high gain, wide bandwidth character- 
istics. This gives the device oscillation tendencies if the 
outputs are capacitively coupled to the inputs via stray 
Capacitance. This oscillation manifests itself during output 
transitions (VoL to VOH). To alleviate this situation input 


FIGURE 10 — ZERO CROSSING DETECTOR 
(Single Supply) 


D1 prevents input from going negative by more than 0.6 V. 


\. 
Ri+ R2= R3 


rg < 88 


10 for small error in zero crossing 


resistors <10 k{Q2 should be used. The addition of positive 
feedback (<10.mV) is also recommended. 
It is good design practice to ground al! unused pins. | 
Differential input voltages may be. larger than supply 
voltage without damaging the comparator’s input voltages. 
More negative than -300 mV should not be used. 


FIGURE 11 — ZERO CROSSING DETECTOR 
(Split Supplies) ; 


ViINmin 0.4 V peak for 1% phase distortion (AQ). 


Vinmin 


3 (AA) MOTOROLA Semiconductor Products Inc. 
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‘ORDERING INFORMATION 
Device Temperature Range Package 


MLM2901P “~40°C 85°C Plastic DIP ; 
ee ee MLM2901 


QUAD COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 


PLASTIC PACKAGE 
CASE 646 


QUAD SINGLE-SUPPLY COMPARATOR 


This comparator is designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive and 
industrial electronic applications. 


@ Power Supply Options — 
Single Supply = 2.0 to 36 Vdc 
Split Supplies= +1.0 to +18 Vdc 
Wide Operating Temperature Range — -40 to +85°C 
Low Supply Current Drain — 2.0 mA (Max) 


Low Input Biasing Current — 25 nA (Typ) 
Low Input Offset Voltage — 2.0 mV (Max) 
TTL and CMOS Compatible 


PIN. CONNECTIONS 


MAXIMUM RATINGS 7 " Output 


+Input 
Power Dissipation @ Ta = 25°C _ ; 4 
. Plastic Package 25 +input -Input 
Derate above 25°C , 2 


10 
Operating Ambient Temperature Range Ta -40 to +85 i] - Input 


+ input 


INPUTS 


OUTPUTS 
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MLM2901 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Ta = 25°C unless otherwise noted.) 
Symbol 
Input Offset Voltage 

(Vre¢ = 1.4 Vde, Vo = 1.4 Vdc, Rg = 0) 
Input Offset Current 


Supply Current ~ 
(Ry = &) 
Response Time (Note 2) 
(Vat = 5.0 Vde, Ry = 5.1 kQ) 
Output Sink Current 
(Vy(_) = +1.0 Vde, V4(4) = 0, Vo < +1.5 Vde) 
‘| Saturation Voltage 
(Vi{-) 2 +1.0 Vde, Vi(+) = 9, Isink = 3.0 mAdc) 
Output Leakage Current 
_(VU(4) 2 +1.0 Ve, Vi(-) = 0, Vo = 5.0 Ve) 


Notes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range is Vcc -1.5 V, but either or both inputs can go to +30 Vdc without damage. 
2. The response time specified is for a 100 mV input step with 5 mV overdrive. For large signals, 300 ns is typical. ° 


FIGURE 2 — INVERTING COMPARATOR WITH FIGURE 3 — NON-INVERTING COMPARATOR WITH 
HYSTERESIS HYSTERESIS 
+Voc . + Vcc 
Y . 


RREee 


Voc R1 
VREF ~ Reept RI é R2 ~ R1//Rrer 
R3= R1//RRer// R1 Amount of Hysteresis Viyq 
R1//Rree ; ‘ : R2 
a R1//Rrer + R2 {Yomax -VOmin! : -VH™ apa Rg !VOmax-- Vomin) 
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NORMALIZED OFFSET VOLTAGE 


NORMALIZED OFFSET CURRENT 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — 


nIQERE OFFSET VOLTAGE 


40 
-40 20 +20 +40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — OFFSET BIAS CURRENT 


20 
Ga ed tO ee 
See AReeReAeAee 
Bio FO OD 
esc | eet) 
SS 


0.20 
~40 -20 0 ‘420 +40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — DRIVING LOGIC 


1/4 MLM2901P 


Rg = Sourte Resistance 
R1= Rs 


oy Vcc Ri 

LOGIC | DEVICE } Volts kQ 
|_cmos |1/amcer4oo1] +15 | 100 _| 
[tre frvameraoo | +s | 10 | 


1g, OUTPUT CURRENT (mA) 


Ig, INPUT BIAS CURRENT (nA) 


ie tf jt 
Beas eae ies 


INPUT BIAS CURRENT 


FIGURE 5 — 


Vee (Vde) 


FIGURE 7 — OUTPUT CURRENT versus 
OUTPUT VOLTAGE 


oa a 


6.0 

ae eee ZA WAN ae SR 
ee eae Fe ey) 
Wwe eee 
pte Pe Nd 
Dt ss Ba 9 7h OR 


VoL, OUTPUT SATURATION VOLTAGE (mV) 


FIGURE 9 — SQUAREWAVE OSCILLATOR 


*Vec 2>4v 
O 


ie ae 


T1=712=0.69 RC 


7.2 
{=—— 
C (uF) 


R2=R3= R4 


Ri = R2//R3//R4 ~ 


(AA) MOTOROLA Semiconductor Products Inc. 
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~ APPLICATIONS INFORMATION 


The MLM2901P is a quad comparator having high gain, 
wide bandwidth character istics. This gives the device oscil- 
lator tendencies if the outputs capacitively couple to the 
inputs via stray capacitance. This oscillation manifests 
‘itself during output transitions (VoL to VOH). To 
alleviate this situation input resistors <10 k{&2 should 


FIGURE 10 — ZERO CROSSING DETECTOR 
(Single Supply) 


D1 prevents input from going negative by more than 0.6 V. 


‘ 


R1i+ R2= RB 


R : n- A 
R3 < ae for small error in zero crossing 


not be used. The addition of positive feedback (<10 mV) 
is. also recommended 


_It is good design practice to ground ali unused pins. 

Differential input voltages may be larger than supply 
voltage without damaging the comparator’s input voltages. 
More negative than -300 mV should not be used. 


FIGURE 11 — ZERO CROSSING DETECTOR 
(Split Supplies) 


ViNmin =0.4V peak for 1% phase distortion (AQ). 


ViINmin 


®: MOTOROLA Semiconductor Products Inc. 


.MC1302 
MC1303 
MC1306 
MC1310 


MC1312,14,15 


MC1323 
MC1324 
MC1327 
MC1330A 
MC1331 
MC1344 
MC1349 
MC1350 
MC1351 
MC1352 
MC1355 
MC1356 
MC1357 
MC1358 
MC1364 
—MC1375 
MC1384 
MC1385 
MC1391 94 
MC1393 
MC1398 
MC1399 
MC3301 
.MC3302 
.MC3310 
XC3315 
XC3316,17 
MC3320,21 
MC3325 
MC3330 
MC3333 
MC3340 
MC3344 
MC3346,86 
MC3360 
MC3380 _- 
MC3390 
MC3391 
MLM239 
MLM239A 
MLM2901 
TDA1190Z 


Seven-Stage Divider 
Dual Stereo Preamplifier 
1/2-Watt Audio Amplifier 
FM Stereo Demodulator 


CONSUMER CIRCUITS 


Four-Channel SQ Logic Decoder system: ese - 


Triple Doubly Balanced Chroma Demodulator 
Dual Doubly Balanced Chroma Demodulator 


Dual Doubly Balanced Chroma Demodulator. . 


Low-Level Video Detector 
- Low-Level Video Detector 
TV Signal Processor 


1F Amplifier 
IF Amplifier 


TV Sound Circuit 
TV Video IF Amplifier 
Limiting FM IF Amplifier 
FM Detector/Limiter 
1F Amplifier and Quadrature Distectot 
TV Sound IF Amplifier 
_ Automatic Frequency Control 
FM IF Circuit 
5-Watt Audio Power Amplifier 
Class B Audio Driver . 
TV Horizontal Processor 
TV Vertical Processor 
TV Color Processing Circuit 
TV Color Processing Circuit 
Quad Operational Amplifier 
Quad Comparator 
Wide-Band Amplifier 
Frequency-to-Voltage Converter 
Dual Frequency-to-Voitage Converters 
Class B Audio Drivers. . 
Automotive Voltage Regulator 
Differential/Cascode Amplifier 
Vari-Dwell Ignition 
Electronic Attentuator 
Programmable Frequency Switch 
General-Purpose Transistor Array 
1/4-Watt Audio Amplifier 
Emitter Coupled Astable Multivibrator 


erees eae 


ee 


Cr 


 D 


i 


Cr 


Phase-Locked Loop Frequency Synthesizer for CB Radio........ 
Remote Controller and Display Driver for CB Radio........... 


Quad Comparator (Single Supply) 
Quad Comparator (Single Supply) 


oe © es ee ee 


Quad Comparator. .... 


TV Sound System 


ed 


Ce 


ee 


CD 


Cr 


Cr 


Cr 
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Cr 
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Circuits for Consumer Applications 


... reflecting Motorola’s continuing commitment integrated circuit devices that satisfy the primary 
to semiconductor products necessary for con- functions for Television, Audio, Radio, Citizens 
sumer system designs. This tabulation is arranged Band, Automotive and Organ applications. 


to simplify first-order selection of consumer 


TELEVISION CIRCUITS 


SOUND © | _ . 


Dna nO 
Sound IF, Detector, Limiter, 80 uV, 3dB Limiting Sensitivity, 646,647 MC1351 


Audio Preamplifier 3.5 V(RMS) Output, Sufficient for Single Transistor ; 
Sound IF Detector Interchangeable with ULN2111A 646,647 MC1357 


Output Stage 
Sound IF Detector, Excellent AMR, - 646,647 MC1358 
dc Volume Control, Preamplifier] Interchangeable with CA3065_ ; ; 


Sound IF, Low Pass Complete TV Sound System 100 uV 3 dB 722A TDA11902 
Filter, Detector, dc : Limiting Sensitivity 4 Watts Output, oo 

Volume Control, Pre- Veg = 24V, Ry = 162 ; 
Amplifier, Power Amplifier ; 


IF Gain @ 45 MHz—60 dB Type MC1349 ; 
AGC Range—70 dB min 
IF Gain @ 45 MHz—46 dB typ, MC1350 
AGC Range—60 dB min 
Ist and 2nd Video IF, AGC IF Gain @ 45 MHz—53 dB typ, AGC Range—65 dB min, 646,647 MC1352 
Keyer and Amplifier “Forward AGC” Provided for Tuner. 
3rd IF, Video Detector, Low-Level Detection MC1330A1 
Video Buffer, and Low Harmonic Generation 
AFC Buffer Zero Signal dc Output Voltage of © ; , 
7.0 to 8.2 V 
Same as MC1330A1 except zero signal MC1330A2 
dc output voltage of 7.8 to 9.0 V , 
3rd IF, Video Detector, ; Low-Level Detection, MC1331 
Sound IF Detector, and ' Separate Sound Detector, 
Sync Separator Differential Inputs 
AGC Keyer, AGC Amplifier, High-Quality Noise Gate, MC1344 
Noise Gate, Sync Separator One tF AGC Output and Two Tuner AGC Outputs, 
Adjustable AGC Delay 
Automatic Fine Tuning High Gain AFT System, ; MC1364 
Interchangeable with CA3064 
and Tint Controls, injection Locked Oscillator. 


MC1398 
Low Peripheral Parts Count 
Chroma IF Amplifier and Includes Complete Chroma IF, AGC, de Chroma ; 648 MC1399 
Subcarrier System (PLL) and Hue Controls, Phase Locked Loop (PLL) Oscillator, 
Color Killer Threshoid Adjustment. ; . 
Dual Chroma Demodulators Dual Doubly Balanced Demodulator with ; eo MC1324. 


RGB Matrix and Chroma Driver Stages 
Dual Doubly Balanced Demodulator with ‘| 646,647 MC1327 
. RGB Output Matrix and PAL Switch : 


Triple Chroma Demodulator Triple Doubly Balanced Demodulator with Adjustable | 648 MC1323 
: : Output Matrix, Contains Three Independent Demoduiators. 


VIDEO 


1st and 2nd Video IF Amplifier 


CHROMA 


Chroma IF Amplifier and Includes Complete Chroma IF, AGC, dc Gain 


Subcarrier System 


DEFLECTION | 


a re ae ee ae 


Horizontal Processor . 


Includes Phase-Detector, Oscillator and Predriver: 


i MC1391 

Linear Balanced Phase Detector Adjustable dc Loop Gain ; 
Same as MC1391 except designed to accept negative). MC1394 
sawtooth sync pulse . ; 


Includes Oscillator and Complementary Driver, _ 648 MC1393 | 
Low Thermal Drift, a 
’ Retrace Pulse for Effective Blanking : ; . 


Vertical Processor 


AUDIO CIRCUITS 


PREAMPLIFIERS 


Vee Avol THD | % 
Function ; Vdc Max dB Min % Typ ’ Ohms Typ Case Type 


Dual Preamplifier | 646 | MC1303 


DRIVERS : 


Audio Drivers 150 peak . : MC3320 > 
150 peak MC3321 
‘50 max — MC1385 


POWER AMPLIFIERS 


Gin 
: Po Vec @ rated Po Ip R, 
Watts Vdc Max{ mVTyp | mATyp | Ohms Case Type 
‘| Audio Power Amplifiers 0.5 12 8.0 : 626" MC1306 
0.25 12 16 626 MC3360 
. 40 18 : 722, MC1384 


RADIO CIRCUITS os 
IF AMPLIFIERS | 


Recovered 

Audio Output] Power 
f = +75 kHz Supply 
mV (RMS) | Volts Max 


IF Amplifier 626 | MC1350 | 
Limiting FM-IF Amplifier 0. 646, 647 | MC1355 


Limiting IF Ampl/ Quadrature B ; 646 MC1356 
Detector with Built-In 
Reguiator 


Limiting IF AmpI/Quad Detector : | 646, 647 | MC1357 

IF Amplifier, Limiter, Detector, , , ; 646 MC1375 
Audio Preamplifier . : : . 

IF Amplifier : A : = MC3310 


DECODERS : 


Channel Stereo—Indicator 
Separation| THD Lamp Driver . 
dB Typ |% Typ mA Max Features 


Case Type 
FM Multiplex Stereo Decoder _Coilless Operation | 646 _| 
Four Channel SQt Decoders Ver = 20 Vde nom | 646 | 


| 40 | 0o3'{| 7 | 
Four Channel SQt Gain es es ee ee Master Volume Control and LF/RF, 648 |MC1314 |. 
and Balance Control LB/RB, E/B Balance Control 2 


Four Channel SQt Logic Circuit Interface with.MC1314 and MC1312 to} 648 |.MC1315 
increase F/B Separation and Supply Gain 
_and Balance Control to MC1314. 


fTrademark of Columbia Broadcasting System, Inc. 


ORGAN CIRCUITS | 


FREQUENCY DIVIDER 


Type 


MC1302 


_ You 
Vdc Min 
7-Stage Divider 12.0/15.0 | 646 | 


“ATTENUATOR 


Vec eo Attenuation 
: is Range THD Ay Range ; 
Function Vde % Typ dB Typ dB Typ Type 
Electronic Attenuator ee ee MC3340 


AUTOMOTIVE CIRCUITS 
OPERATIONAL AMPLIFIER 


Unity Gain 


Bandwidth 
MHz Typ 


Quad Operational Amplifier | 646 | MC3301 


COMPARATORS . | 
- Voe : Sink 
Range Vio ho ‘iB Current 4 
Vde mV Max nA Max na Max Case | Type 


Giad Comfaraion TZo-28 | azo |__| s00_| 60 | 646,692 | _mcas02_| 
|__ 646 | MLM2901 _| 
+50 250 


1 : - 


VOLTAGE REGULATOR 


___ Features 


Automotive Voltage Designed for use with NPN Darlington MC3325 
Regulator ; Overvoitage Protection 5 
; “Open Sense’’ Shut Down ; 
Selectable Temperature Coefficient | 


m 
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ELECTRONIC IGNITION 


Features _ 


Electronic Ignition Designed for use in High Energy- 


Circuit Variable Dwell Electronic Ignition Systems 
with Variable Reluctance Sensors. 
Dwell and Spark Energy are Externally 
Adjustable. , 


TRANSISTOR ARRAYS 


GENERAL PURPOSE 


Veeco | Yeso VEBO > . 
Volts Max Volts Max Volts Max Case Type 
MC3346 
MC3386 


One Differentially Connected Pair 
with Associated Constant Current 
Transistor 


MC3330 


SPECIAL FUNCTIONS 


[Function —SSSSCSC~*d Features 

Emitter-Coupled Astable Multivibrator | Useful as DC-DC Converter,.Power Regulator or 626 MC3380 
Multivibrator. Toggle Freq = 100 kHz (typ). - : 

Phase Lock Loop Contains Voltage Controlled Oscillator and Double MLM565 
Balanced Phase Detector 


Frequency to Voltage Frequency Doubling for Low Output MC3315 
Converter Ripple Programmable Threshold and : 
Hysteresis 
Dual Frequency to Voltag Frequency Doubling for Low Output : 648 MC3316 
Converters ; Rippie Programmable Threshold and 
Hysteresis 
Two independent Channels 
; ; Same as MC3316 .. . Plus Fail Check MC3317 


indication for Open Sensor 
Programmable Frequency Wide Input Frequency Range (10 Hz 646, 632 ; 
Switch to 100 kHz) : 
, Adjustable Hysteresis 7 
Wide Supply Operating Range (7 to 24V) 


High and Low Select Outputs 
CITIZENS BAND CIRCUITS 


SYNTHESIZER | 


' . Requires only One Crystal to Generate 
Phase Lock Loop All Transmit and Receive Frequencies 
Frequency Synthesizer | - Can be used with Binary Coded Switch 
Designed for Double or Single Conversions 
Receivers 


CONTROLLER 


Remote Controller and Designed. for use with a Push Button . MC3391 
Display Driver Switch for Incremental up/down 


Channel Selection of the MC3390 
Provides Display Drive Current 
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' 7-STAGE DIVIDER 


7-STAGE DIVIDER 


This monolithic circuit is designed for use as a frequency divider 
in electronic organs. It contains 7 flip-flops with all inputs and 
outputs externally accessible. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 


PLASTIC PACKAGE 
CASE 646 


@ Wide Operating Voltage Range — 6.0 to 16 Volts 
@ Regulated Supply Not Required 


@ Maximum Design Flexibility. — Allows for Two to Seven-Stage 
Cascades 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


Power Supply Voltage 


@ 


PIN CONNECTIONS 
FIGURE 1 — CIRCUIT SCHEMATIC 


Output 


pr rrc ccm poce ne ad 


Single Cell 
pans ee caay oe ORDERING INFORMATION 
a 


; Temperature ; 
* Device Range . Package 


MC1302P Plastic DIP 


MC1302 


ELECTRICAL CHARACTERISTICS (Vcc = 16 Vdc, Vin = 4.0 V, Square Pulse, f = 10 kHz, 50% Duty Cycle, tpy = 1.0 V/us, 
Ta= +25°C, unless otherwise noted.) 


Operating Power Supply Voltage 
Toggle Frequency 


Output Voltage (High) Pins 8, 9, 10, 11, & 13 
(Vcc = 6.0 Vdc) , 
(Voc = 16 Vdc) 
Qutput Voltage (High) Pins 12S 14 
' (Vec = 6.0 Vide) 
(Vcc = 16 Vde) 


Operating Drain Current | 
Output Sinking Current 
Germs. == — sea ee 


| input Resistance TO 
Output Resistance (Output High) ease eel 
ro 


INPUT PULSE REQUIREMENTS 


mel 
= 
o 


re) 


o 
oOo 


F<) 


o 


[Characteristic [Min 

Trailing [_ Pate Maange — 
Edge, | Zerotet = 
J | LeadingEdge Edge No Aacuitenent 


: Trailing Edge dv/dt LD es 


THERMAL INFORMATION 


The maximum power consumption an integrated voltages and supply currents at the worst-case oper- 

circuit can. tolerate at a given operating ambient * ating condition. 

temperature, can be found from the equation: 

; TJ(max) = Maximum Operating Junction 
Temperature as listed in the 
Maximum ratings Section 

Ta = Maximum Desired Oper ating Ambient 

Temperature 
RgJja(Typ) = Typical Thermal Resins 
Junction to Ambient 


TJ(max) - TA 


P Ss 
oe ReJa (Typ) 


“Where: Pp(T,) = Power Dissipation allowable at a 
given operating ambient temperature. This must be 
_ greater than the sum of the products of the supply 


4 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1303P 0°C to +75°C Plastic DIP 


DUAL | 
- STEREO PREAMPLIFIER 


DUAL STEREO PREAMPLIFIER 
: INTEGRATED CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. . . designed for amplifying low-level stereo audio signals with two 
preamplifiers built into a single monolithic semiconductor. 


Each Preamplifier Features: 

@ Large Output Voltage Swing — 4.0 V (RMS) Min 

@ High Open-Loop Voltage Gain ='6000 min ~ 
Channel Separation = 60 dB min at 10 kHz 


Short-Circuit-Proof Design 


‘MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) _ -P SUFFIX 
PLASTIC PACKAGE | 
CASE 646 


_Junction Temperature 
Operating Ambient Temperature Range 


CIRCUIT SCHEMATIC EQUIVALENT CIRCUIT 


-INPUT LAG 1 OUTPUT LAG 1 


NON-INVERTING 
INPUT 149 0 


OUTPUT 1 go 


- 8 Oo - 
INVERTING 013 leuies 


INPUT 1 


80 
VEE 70° 


OUTPUT.2 6.0 
ol INPUT 2 


VEE7° 


INVERTING 
INPUT 2 6° 
+5 
NON-INVERTIN 
INPUT 2 


INPUT LAG 2. OUTPUT LAG 2 


MC1303 | 


ELECTRICAL CHARACTERISTICS (Each Preamplifier) (Voc = +13 Vdc, Veg = -13 Vdc, Ta = +25°C unless otherwise noted). 


Charscteritic Definitions (nee operations) | __—_—<Characteraie =| Min ‘typ | Max | Uni | 
7 S ; 
aoe “i 


Open Loop Voltage Gain 


Output Voltage Swing 
(Ry = 10 kQ) 


input Bias Current 


I4+I12 
Nez 


Input Offset Current 
Ato = 14 - 19) 


' Input Offset Voltage 


DC Power Dissipation 
(Power Supply = +13 V, Vo = 0} 


Channet Separation 
(f = 10 kHz) 


THERMAL INFORMATION — 


‘The maximum power consumption an integrated circuit 
can tolerate at. a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
~ ResalTyp) 


Where: Pp(T,) = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case.operating condition. 


Ppo(Ta) = 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 
Temperature , 
Rg jalTyp) = Typical Thermal Resistance Junction to 
Ambient 


& MOTOROLA Semiconductor Products inc. 
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NORMALIZEO VOLTAGE GAIN 


TYPICAL PREAMPLIFIER APPLICATIONS 


FIGURE 1 — MAGNETIC PHONO PLAYBACK 
PREAMPLIFIER/RIAA EQUALIZED 


820 pF 


1.0 4F/3.0V 


CCC 
Bass! a5 

ah ss 
SHE LET Pa ETT 


CHC TENT 


106 10k Wk 
FREQUENCY (Hz) 


TYPICAL PERFORMANCE CHARACTERISTICS 


Vottage Gain 34 dB (50)@ 1.0 kHz 

input Overtoad Point 106 mVRMS @ 1.0kHz 

Output Voltage Swing 5.0 VRMS @ 1.0 kHz @0.1% THD. 

‘Outpist Noise Level Better Than 70 dB Below 10 mV Phono 
y Input (input Shorted} 


NORMALIZED VOLTAGE GAIN 


Pins not shown are not connected. 


FIGURE 2 — BROAD BAND AUDIO AMPLIFIER 


TO uF30V 


25 wF/3.0V 33 oF 


Voltage Gain: 40 dB (100) @ 1.0 kHz reterence 
Qutput Voltage Swing: 5.0 V(rms} 


EU 
TUE UU VU 1 PSI 


wo 1.0k 
FREQUENCY {Hz} 


NORMALIZED 
VOLTAGE GAIN 


SUGGESTED POWER SUPPLY CIRCUIT 


21 - MZ-500-19 
(3 V nom.) 
_ Sefect series R by 
- allowing 11 mA tor 
zener, and each duat 
VC Preamplifier 


> VEE 


Pins not shown are not connected. 


FIGURE 3 — NAB TAPE HEAD EQUALIZATION 


HEPES 
UH ETT TIT RL 
PETE PP PTET SU TT xa 
ST 
CCIE SRS 


PUTT ET i 


300 500 1000 
FREQUENCY (Hz) 


3000 5000 10,000 20,000 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical’ semiconductor applications: consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully. checked and 


1.0 yF/3.0V 


. TAPEHEADIN @ 


C= 1500 pF for 3 3/4 in/s 
€ = 910 pF for 7 1/2 inés 


Voltage Gain: 35 8 @ 1.0 kHz 


Pins not shown are not connected. Cutput Voltage Swing: 5,0: V(RMS } 


is believed to be entirely. reliable. However, no responsibitity is 
assumed for inaccuracies. Furthermore, such information does not 
convey to. the purchaser of the semiconductor devices described any 
ticense under the patent rights of Motorola Inc. or others, 


® MOTOROLA Sericonductor Products inc. 
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~ MC1303 


FIGURE 4 — POWER DISSIPATION versus FIGURE 5 — OUTPUT LINEARITY | 
SUPPLY VOLTAGE 


f= 1.0kHz 
Ry = 100 k obm 


POWER DISSIPATION (mW) 
TOTAL HARMONIC DISTORTION @ 1.0 kHz (%) 


SUPPLY VOLTAGE (Vdc) : QUTPUT VOLTAGE (V[RMS}) 


FIGURE 6 — INFLUENCE OF OUTPUT LOADING 


OUTPUT VOLTAGE ‘(V{RMS]) 


LOAD RESISTANCE (k ohms) 


NOISE CHARACTERISTICS 


FIGURE 7A— INFLUENCE OF SOURCE - FIGURE 7B — INFLUENCE OF VOLTAGE GAIN 
“RESISTANCE & BANDWIDTH & BANDWIDTH 


= 
o 
S 
o 


| Voc=#I3V 
=-199 = RE 
100 = RS 


oa 
o 
Qo 


TT eT 
00D ea EI! 
ST |_| CEAT 
Ol = OC 
oa aS as ” 

es 

Sst TL) 
100 200 : 500 1000 _ 2000 §000 . 10,000 10 
SOURCE RESISTANCE {OHMS} ; ‘ VOLTAGE GAIN (V/V) 


OUTPUT NOISE VOLTAGE (uV[RMS}) 
OUTPUT NOISE VOLTAGE (uV[RMS]) 


: (M) MOTOROLA Semiconductor Products inc. 
% |” eg Mae FE 


- ORDERING INFORMATION 


_ Device Ternperature Range Package 
MC1306P " O°C to +75°C Plastic DIP 


1/2-WATT AUDIO AMPLIFIER 


1/2-WATT AUDIO AMPLIFIER 


The MC1306P is a monolithic complementary power amplifier and 
preamplifier designed to deliver 1/2-Watt into a loudspeaker with a 
3.0 mV(rms) typical input. Gain and bandwidth are externally 
adjustable. Typical applications include portable AM-FM radios, tape 


recorder, phonographs, and intercoms. 


N 


1/2-Watt Power Output (9.0 Vde Supply, 8-Ohm Load) 
High Overall Gain — 3.0 mV(rms) Sensitivity for 1/2-Watt Output 
Low Zero-Signal Current Drain — 4.0 mAdc @ 9.0 V typ 


Low Distortion — 0.5% at 250 mW typ 
PLASTIC PACKAGE 


CASE 626 


TYPICAL APPLICATIONS 


FIGURE 2 — PHONOGRAPH AMPLIFIER . 
(CERAMIC CARTRIDGE} 


FIGURE 1 — AM-FM RADIO, AUDIO SECTION 


“Zany : it 
0.002 pF1-0MegQ § 


Volume 
Control 


= Control 


_ aPreamplifier 


Power Amplifier 
Output 3 


Preamplifier 
Input - 


Preamplifier Power Amplifier 
Output input 
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"MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Power Dissipation (Pockags Limitation) 


Tp = +26°C 
Derate above Ta = +25°C 


Operating Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (V* =9.0V, Ry =8.0 ohms, f= 1.0kHz, {using test circuit of Figure 3), Ta = +25°9C 
unless otherwise noted. ) 


a ee oe ee oe ae 


(Po = 500 mW} 


Output Impedance (Power-amplifier) 


Signal to Noise Ratio — — 
(Pg = 160 mW, f = 300 Hz to 10 kHz) ; 
Total Harmonic Distortion THD © 
(Pg = 250 mW) ; 


Quiescent Output Voltage 


Output Power 
(THD < 10%) 


Curtent Drain (zero signat) 


Open Loop Voltage Gain 
‘Pre-amplifier Ry = 1.0 k ohm 


Power-amplifier Ry = 16 ohms 
Sensitivity : 


Power Dissipation (zero signal) 


FIGURE 3 — TEST CIRCUIT 


10k vt 


ee 


4.0 50 . 60 7.9 80 60. 9.0 10 12 
V+, POWER SUPPLY VOLTAGE (ve) 


ip, POWER SUPPLY CURRENT (mAdc} 
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TYPICAL CHARACTERISTICS 
(vt = 9.0 V, f = 1.0 kHz, Ta = +25°C unless otherwise noted) 


FIGURE 5 — EFFICIENCY 


coe Tce ters 


n, EFFICIENCY (%) 
& 


v+, POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 6 — OUTPUT POWER 
RAL =82 
THD i 10%: 


Ry 282. 
THD = 1% | 


Ri = 162 
THD = 10% 


; 
RL = 16.2 


THD = 1% 


Ss 


, POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 7 — TOTAL HARMONIC DISTORTION 


Po = 100 mW 
Ry = 8.0 Ohms 
Ct = 200 uF 


THO, TOTAL HARMONIC DISTORTION (%) 


O17 . 0.2 0.3 0.4 0.5 07 


man 
Rae AES ss (De ee ee ee ee 
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FIGURE 10 — TYPICAL CIRCUIT CONNECTION 
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DESIGN CONSIDERATIONS 


The MC1306P provides the designer with a means to control 
preamplifier gain, power amplifier gain, input impedance, and 
frequency response. The following relationships will serve as guides. 


1. Gain 
The Preamplifier Stage Voltage Gain is: 

Rf 

Avaxzoa 

VA Rs 


and is limited only by the open-loop gain (270 V/V). For good 

preamplifier de stability R¢ should be no larger than 1.0-megohm. 
The Power Amplifier Voltage Gain is controlled in a similar 

manner where: . 


10 k 
PNG Sn 


The 10-k ohm feedback resistor is provided in the integrated 
circuit. : : : 

Recommended values of Rp range from 500-ohms to 3.3-k 
ohms. The low end is limited primarily by low-level distortion and 
the upper end is limited due to the voltage drive capabilities of the 
pre-amplifier. (A resistor can be added in the de feedback loop, 
from pin 6 to ground, to increase this drive): The Overall Voltage 
Gain, then, is: 


a 2. Input !mpedance 


The Preamplifier Input !mpedance is: 
ZinA = Rs 


and the Power Amplifier Input Impedance is: 


, 


ZinB ~ Rp 


3. Frequency Response 


The low frequency response is controlled by the cumulative . 
effect of the series coupling capacitors C1, C2, and C3. High- 
frequency response can be determined by the feedback capacitor, 
Cr, and the:-3.0 dB point occurs when , 


XC, = Re 


Additional high frequency roll-off and noise reduction can be 
achieved by placing a capacitor from the center point of Rp to 


* ground as shown in Figure 10. 


Capacitor C4 and the RC network shown in dotted lines may 
be needed to prevent high frequency parasitic oscillations. The RF 
choke, shown. in series with the output, and capacitor C6 are used 
to prevent the high-frequency components in a large-signal clipped 
audio output waveform from radiating into the RF or IF sections 
of a radio (Figure 10). 


4. Battery Operation 


The increase of battery resistance with age has two undesirable 
effects on circuit. performance. One effect is the increasing of 
amplifier distortion at low signal levels. This is readily corrected by 
increasing the size of the filter capacitor placed across the battery 
(as shown in Figure 8; a 300-uF filter capacitor gives distortions 
at low-tonai levels that are comparabie to the “stiff’’ supply). The 
second effect of supply impedance is a towering of power output 
capability for steady signals. This condition is not correctable, but 
is of questionable importance for music and voice signals. 


5. Application Examples: (1) The audio section of the AM-FM 
radio (Figure 1) is adjusted for a preamplifier gain of 100 with an 
input. impedance of 10-k ohms. The power amplifier gain is set at 
10, which gives an overall voitage gain of 1000. The bandwidth 
has been set at 10-kHz. (2) The phono.amplifier (Figure 2) is de- 


_ signed for a preamplifier gain of unity and a power amplifier gain 
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of 10. The input impedance is.1.0-megohm. An adjustable treble 
control is provided within the feedback loop. 


MC1306 


TYPICAL PRINTED CIRCUIT BOARD LAYOUT 


LOCATION OF COMPONENTS 


c2 R1. R2 “R3 


MC 1306 


See Figure 3 for schematic diagram. 


PARTS LIST 


ci 1 200 uF 


€2 0.1 wF 
C3 0.05 pF 
cai, 1.0 uF 
C5 47 pF 
R1 1 ohm 
R2 1k ohm 
R3 4.7 k ohms 
R4 270 k ohms 
MC1306 7 


PC Board 
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ORDERING INFORMATION 


Device § Temperature Range Package 
MC1310P —40°C to +85°C Plastic DIP 


Specifications and Applications 
Information 


FM STEREO DEMODULATOR 


_. .a monolithic device designed for use in solid-state stereo receivers. 
Requires no Inductors ‘ 
Low External Part Count 
Only Oscillator Frequency Adjustment Necessary . 
Integral Stereo/Monaural Switch 75 mA Lamp Driving Capability 


Wide Dynamic Range: 0.5—2.8 V(p-p) Composite 
‘ Input Signal ; 


Wide Supply Range: 8-14 Vdc 


Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range 


Low Distortion: Typically 0.3% THD at 560 mV (RMS) 
Composite Input Signal 


Excellent SCA Rejection 


‘MC1310— 


FM STEREO 
DEMODULATOR 


SILICON MONOLITHIC: 
INTEGRATED CIRCUIT 


CASE 646 


FIGURE 1 — TYPICAL APPLICATION AND TEST CIRCUIT 


Pin Functions 


Pint = Voc Pin 8 = Switch Filter 

Pin 2 = tnput Pin 9 = Switch Filter 

Pin 3 = Amplifier Output Pin 10 = 19 kHz Output 

Pin 4 = Left Channel Output Pin 11 = Modulator Input — 

Pin 5 = Right Channel Output Pin 12 = Loop Filter - 

Pin 6 = Lamp Indicator Pin 13 = Loop Filter 

Pin 7 = Ground Pin 14 = Oscillator RC Network 


Parts List 


C1=2.0nF C8=0.25 uF 
C2=0.02 "uF R1=3.9k2 
C3=0.02"F R2=3.9k2 
C4=0.25 uF RI=1.0kL2 
C5=0.05 uF R4= 16k2 
C6 = 0.5 pF R5=5.0k2 
C7 = 470 pF 


Left 
Channel 
Output Output 


MC1310 


MAXIMUM RATINGS (Tp, = +25° untess otherwise noted.) 


Power Suppiy Voltage 


Power Dissipation : 
1 (Package limitation) 
Derate above Tp = +25°C \ 
Operating Temperature Range (Ambient) -40 to +85 


Storage Temperature Range : : -65 to +150 


: 75 


ELECTRICAL CHARACTERISTICS Uniess otherwise noted; Vcc * +12 Vdc, Ta =-+25°C, 560 mVIRMS) (2.8 V{p-p} ) standard 
multiplex composite signa! with L,or R channel only modulated at 1.0 kHz and with 100 mV(RMS) pilot level (10%), using circuit of Figure. 


Monaural Channel Balance (pilot tone “off”’) 


Total Harmonic Distortion 


Ultrasonic Frequency Rejection 19 kHz 
38 kHz 


Inherent SC A Rejection 
(f = 67 kHz; 9.0 kHz beat note measured 
with 1.0 kHz modulation “off'’) 


Stereo Switch Level- 
19 kHz input level for lamp ‘“‘on”’ 
19 kHz input level for lamp ‘'off"’ 


Capture Range (permissible tuning error of interna! oscillator, . 


reference circuit values of Figure 1) 


Current Drain (lamp “off”). 
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FIGURE 2 — CIRCUIT SCHEMATIC 
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: TYPICAL CHARACTERISTICS ; ; 
Unless otherwise noted: Voc = +12 Vdc, Ta = +25°C; 560 mV(RMS) (2.8 V [p-p] } standard multiplex 
: composite signal with L or R channel only modulated at 1.0 kHz and with 100 mV(RMS) 
: pilot level (10%), using circuit of Figure 1. 
FIGURE 3 — CHANNEL SEPARATION versus 
COMPOSITE tNPUT LEVEL ; FIGURE 4 — CHANNEL SEPARATION versus FREQUENCY 
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iil FILTER NETWORK 
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FIGURE 5 — CHANNEL SEPARATION versus : FIGURE 6 — CHANNEL SEPARATION versus 
VCO FREE-RUNNING FREQUENCY : SUPPLY VOLTAGE 
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Vin = 1.5 Vip-p) 


CHANNEL SEPARATION (dB) 
CHANNEL SEPARATION (dB) ~ 


18.2 86 4 
VCO FREE-RUNNING FREQUENCY (kHz) 


FIGURE 7 — THD versus COMPOSITE INPUT LEVEL* - 
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PUL 
: 


0 
5 1.0 1.5 2.0 2.5 “3.00. 50 ©6100 200 500 10k 20k 50k 10k 20k 50k 
: COMPOSITE INPUT LEVEL (V[p-p}) - FREQUENCY (Hz) 


“Measured with Low Pass Filter (BW = 15 kHz). 
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TYPICAL CHARACTERISTICS (continued) 
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FIGURE 11 — CURRENT DRAIN versus SUPPLY VOLTAGE 
145 
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“Measured with Low Pass Filter (BW = 15 kHz) 


FIGURE 10 — VCO FREE-RUNNING FREQUENCY 
versus TEMPERATURE ; 
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FIGURE 12 ~ PILOT LEVEL REQUIRED FOR VCO LOCKUP 
versus VCO FREE-RUNNING FREQUENCY 
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FIGURE 13 — SYSTEM BLOCK DIAGRAM 
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MC 1310 


CIRCUIT OPERATION 


Figure 13, on the previous page, shows the system 
block diagram. The upper line, comprising the 38-kHz 
regeneration loop operates as follows: the internal os- 
cillator running at 76-kHz and feeding through two 
divider. stages returns a 19-kHz signal to the input mod- 
ulator. There the returned signal is multiplied with the 
incoming signal so that when a 19-kHz pilot tone is 
received a dc component is produced. The de component 
is extracted by the low pass filter and used to control 
the frequency of the internal oscillator which con- 
sequently becomes phase-locked to the pilot tone. With 
the oscillator phase-locked to the pilot the 38-kHz out- 
put from the first divider is in the correct phase for de- 
coding a stereo signal. The decoder is essentially another 
modulator in which the incoming signal is multiplied by 


the regenerated 38-kHz signal. The regenerated 38-kHz 
signal is fed to the stereo decoder via an internal switch, 
which closes when a sufficiently. large 19 kHz pilot tone . 
is received. 

The 19-kHz signal returned to the 38-kHz regeneration 
loop modulator is in quadrature with the 19-kHz pilot 
tone when the loop is locked. With the third divider 
state appropriately connected, a 19-kHz signal in phase 
with the pilot tone is generated. This is multiplied with 
the incoming signal in the stereo switch modulator 
yielding-a dc component proportional to the pilot tone 
amplitude. This component after filtering is applied to 
the trigger circuit which activates both the stereo switch 
and an indicator lamp. 


APPLICATIONS INFORMATION 


(Component numbers refer to Figure 1) 


- External Component Functions and Values 


C1 Input coupling capacitor; 2.0 uF is 
recommended but a lower value is 
permissible if reduced separation at low 


—s frequencies is acceptable. 
R1, R2, C2, C3 
C4 


See Maximum Load Resistance section. 


Filter capacitor for stereo switch level 
detector; time constant. is C4 x 53 
kilohms +30%, maximum dec voltage 

' appearing across C4 is 0.25 V (pin 8 
positive) at 100 mV(RMS) pilot level. 
The signal voltage across C4 is neg- 
ligible. 


C5 See Phase Compensation section. 


R3, C6, C8 Phase-locked loop filter components; 


the following network is recommended: 


C6 
0.5 pF 


cs 
0.25 uF 


When less performance is required a 
simpler network consisting of R3 =.100 
ohms and C6 = 0.25 uF may be used 
(omit C8). See Figure 9. 

Oscillator timing 
mended values: 
C7= 470 pF - 1% 
R4= 16kQ2 1% 
R5=5kQ2 Preset 


R4, R5, C7 network; | recom- 
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Stereo Lamp 


19-kHz Output 


_ imately 2°. 


These values give +3.5% typical capture 
range. Capture range may be increased 
by reducing C7 and increasing R4, R5 
proportionally but at the cost of in- 
creasing beat-note distortion (due to 
oscillator-phase jitter) at means 
levels. See Figure 12. 


Nominal rating up to 75 mA at 12 N; 
the circuit includes surge limiting which 
restricts cold-lamp current to apprax- 
imately 250 mA. 


A buffer output providing a 3.0-Vik 
square wave at 19 kHz is available at 
pin 10. A frequency counter may be 
connected to this point to measure the 
oscillator free-running frequency for 
alignment. See Alignment section. 


External Monaural/Stereo Switching 


If it is. desired ‘to maintain the circuit in monaural 
mode, the following procedure must be followed. First, 


the stereo switch must be disabled to prevent false lamp 


triggering. This can be accomplished by connecting pin 8 
negative or pin 9 positive by 0.3. volt. Pin 8 may be 
grounded directly if desired. Note that the voltage across 
C4 increases to approximately 2 volts with pin 9 positive 
when pin 8 is grounded. a 

Second, the 76-kHz oscillator must be killed to 
prevent interference when on AM. This can be ac- 
complished by connecting pin 14 to ground via a current 


_ limiting resistor (3.3 kilohms is recommended). 


Phase Compensation/IF Roll!-off Compensation —~ 


Phase-shifts in the circuit cause. the regenerated 38- 
kHz sub-carrier to lead the original 38 kHz by approx- 
The coupling capacitor C5 generates an 


MC1310 


- APPLICATIONS INFORMATION (continued) 


additional lead of 3.5° (for C5 = 0.05 uF) giving a total 
lead of 5.5°. 

' The circuit is so. designed that phase lag may be 
generated by adding a capacitor from pin 3 to ground. 
The source resistance at this point is 500 ohms. A 
capacitance of 820 pF compensates the 5.5° phase lead: 
increase. above this value causes the regenerated sub- 
carrier to fag the original. However, a 5.5° phase error 
if left moncompensated ‘will not degrade separation 
appreciably. 

Note that these phase shifts occur within the phase- 
locked loop and affect only the regenerated 38-kHz 
sub-carrier: the circuit causes no significant phase or 
amplitude variation in the actual stereo signal. prior to 
decoding. a 

Most IF amplifiers have a frequency response that 
limits separation to a value significantly lower than the 
capability of the MC1310. For example, if the response 
produces a 1-dB roll-off at 38 kHz, the separation will be 
limited to about 32 dB. This error can be compensated 
by using an RC lead network as shown in Figure 14. 
The exact values will be determined by the IF amplifier 
design. However, the values shown in Figure 14 are 
suitable for use with the MC1357: and MC1375 IF 
amplifiers. 


FIGURE 14 — IF COMPENSATION NETWORK 


To MC1310 
Input 


From FM 
Demodulator 


0.005 uF 


Voltage Control Oscillator Compensation. 


Figure 10 illustrates noncompensated Oscillator Drift 
versus temperature. The recommended Tc of the R4, R5, 
C7 combination is -300 PPM. This will hold: the 
oscillator drift to approximately +1% over a temperature 
range of -40 to +85°C. Allowing +2% for aging of the 
timing components acceptable performance is still ob- 
tained. - 


Lamp Sensitivity y 


It may be desirable in some cases, to change the lamp 


sensitivity due.to differing signal levels produced by 
various FM detectors. The lamp sensitivity can be 
changed by making use of the external circuit shown. 
Typical sensitivities versus potentiometer rotation are 
also shown in Figure 15. 
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FIGURE 15 — PILOT SENSITIVITY versus 
POTENTIOMETER ROTATION 
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FULL CW 


Alignment Procedure 


The optimum alignment procedure, with no input 
signal applied, is to adjust R5 until 19.00 kHz is read at 
pin 10 on the frequency counter. 

Another procedure requiring no equipment, other 
than the receiver itself, will result in separation of 
within a. few dB of optimum. This latter method is 
merely to tune the receiver to a stereo broadcast and 
adjust R5 until the pilot lamp turns ‘‘on’’. To find the 
center of the lock-in range, rotate the potentiometer 
back and forth until the center of the lamp “‘on’’ range 
is found. This completes the alignment. 


Alternate Timing Network 


The alternate: timing network shown, incorporating a 
trimmer capacitor rather than a potentiometer, may be 
used if desired. Again, to provide correct temperature 
compensation, the temperature coefficient of the timing 
network must be approximately -300 PPM. 


FIGURE 16 


Maximum Load Resistance 


The curve shown gives. absolute maximum load re- 
sistance values versus supply voltage used for full-signal 


“handling capability. With desired load resistance choose 


C2, C3 capacitors to provide standard 75 ys de-emphasis. 


FULL COW 


MC1310 


APPLICATIONS INFORMATION (continued) 


FIGURE 17 — MAXIMUM LOAD RESISTANCE ’ Capture Range versus Timing Components 

versus SUPPLY VOLTAGE The capture range can be changed to some extent by 
use of different timing components. Typical values are 
shown in Figure 12. : 


Composite Signal 


Due to confusion concerning the measurement of the 
stereo composite signal, a curve showing both RM§ and 
p-p composite levels versus pilot level follows, see 
Figure 18. 


MAXIMUM LOAD RESISTANCE (ko) 


FIGURE 18 — COMPOSITE LEVEL versus PILOT 
. ({L or R Modulation Only) 


8.0 10 12 14 
SUPPLY VOLTAGE (Vdc) = 


2 
ac 
3 a 
Audio Output rE ¢ 
p-p audio output (one-channel) Z. 2, 
The ratio G = ——___________Y for = = 
p-p input signal z a 
different types of input is as follows: Fs Z 
a . 
. INPUT ws mm y Av z 
__Single-Channel Monaural g | aan 
sd es Signal aa S ell 
10 20 6 10 20 i 
These figures are for 3.9-kilohm load resistors and for ; : - PILOT LEVEL eoABE op «70-1 
low-audio frequencies where de-emphasis roll-off is 


insignificant. 
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ORDERING INFORMATION | 
Package 


Device Temperature Range 
~MC1312P - 0°C to +70°C Plastic DIP 
MC1314P 0°C to. +70°C Plastic DIP. 
_ Plastic DIP 


MC1315P O°C to +70°C. 


CBS SO* LOGIC DECODER SYSTEM 


.. &@ Matrix system designed to decode SQ encoded program 
material into four separate channels. This system conforms to 
specifications for decoding quadraphonic records produced by’ the 
largest record companies in the world, 


" MC1312P - DECODER 


. consists of two high input impedance preamplifiers which are fed 
with left total, Ly, and right total, Rt, signals. The preamplifiers — 
each feed two all-phase networks which generate two Ly signals 
in quadrature and two RT signals in quadrature. The four signals are 
matrixed to ‘yield left front, left back, right front, and right back 
signals (Le’, Lp’, Re’, Rp’). 


MC1314P - VOLTAGE CONTROLLED ATTENUATOR 


. a gain control and balance adjustment unit for use with any 
quadraphonic system. It has four channels whose gain can be varied 
by an external dc voltage. In addition, the relative gain between 
channels can be set by 3 external dc voltages. Thus with four 
variable resistors the master volume Le/RF, Le/Rg and F/B bal- 
ance may he controlled. 


MC1315P - LOGIC CIRCUIT 


. . . provides the basic logic function. to enhance the front to 
back separation in the CBS SQ four channel decoding system. This 
device is designed to interface with the MC1312 decoder and MC1314. 
The MC1315 provides dc logic enhancement control signals which 


. extends the performance of the basic SO system to the levels desired — 


‘for top-of-the-line systems. 


FIGURE 1~— SQLOGIC DECODER SYSTEM 


MC1312P 
MC1314P. 
MC1315P 


- FOUR CHANNEL SQ 
LOGIC DECODER SYSTEM 


SILICON MONOLITHIC 
" INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 : 


_ L Phase ee 
shift [1] [14] Rg’ Output 
Network R Phase 
Lp’ Output [3] S| cenit 
etwork 
Lg’ Output [3] 
L Phase [4] [1 4] Rp’ Output 
Shift ‘i 
Network [S| NO} R Phase . 
Ly Input [6 | 


[8] Ry Input 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Re Output [2 | 


Re’ Input [3] i4] Rp Output | 


Control . r 
Front GF 13} Re’ Output 


Control 


@ Master Volume 
@_ F/8 Balance 

.@ Lf¢/RpF Balance 
@ p/p Balance 


MC1312P 
Basic Matrix 
Decoder 


MC1314P 
“Four Channel 


Quadra- 


Phonic 


Output . 


Le’ Input [5] 
Le Output [6 | 


F/B Balance 


Re’ Input 


Logic 
. Control 


Control! 
3 | 


i Back GB 
117] Le’ input 


10] Lg Output 


6] Rp’ Input 


15] Lp’ Input 


Front GF 


Control 
.MC1315P Back GB 
SQ Logic : 


_ Circuit 


. 2 oe Front Back 
pu Control Control 
Z Logic 
, Control 
H Oj Filter Back 


Front to Back Separation 15-20 dB 3] Filter Front 


* As . 7 
Trademark of CBS Inc. This component js sold without patent indemnity and any infringe- 


ment resulting from use or resale thereof shall be. the sole responsi- 
bility of purchaser and shal! not be the responsibility of manu- 
facturer or distributor even though such use is in. accordance with 
mmanurecturer: s _Tecommendations. 


7:26 


MC1312P, MC1314P, MC1315P 
MC1312P e CBS SQ DECODER UNIT 


MAXIMUM RATINGS (Tg = +25°C unless otherwise noted.) 


upply Current Drain 


Relative Voltage Gain Lg’/Le’, Rp'/Le’, Le'/Re’ Re /Re’ 
Le’ measurements made with Ly input, Re’ measurements made with 
Rr input. 

Maximum Input Voltage for 1% THD at Output R+ or L 


Total Harmonic Distortion Ry or L 


Signal to Noise Ratio (Short-Circuit Input Vo = 0.5 V(RMS) 
with Output Noise Referenced to Output 
Voltage, VQ) (BW = 20 Hz to 20 kHz) 


FIGURE 2 — MC1312P TEST CIRCUIT FIGURE 3 — EIA STANDARD BLEND 


Rr’ 
Output 


Pin3' . Pin 14 


Pin2 Pin 11 ~ 


Output , ts $1 


2 R1 is used for input impedance measurement. - 
$1 Is normally closed, 


Note: In applications where tone arm pick-up is connected directly to the 
MC1312P inputs, a 300 k resistor should be inserted in series with 
Rr (Pin 8), and Ly (Pin 6) inputs. 
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MC1312P, MC1314P, MC1315P | 
MC1312P e CBS SQ DECODER UNIT 


4 


APPLICATIONS INFORMATION 


t 


FIGURE 4 — DECODING PROCESS DIAGRAM 


Ly=Le + 0.707 Rg -j 0.707 Lg 


Ry =Rp -0.707 Lg tj0.707 Reg 


0.707 Rp 


— 
aes 


0.707 Lg 


= Lp + 0.707 Rg -j0.707 Lgp=Llr 


0.707 Le 


= Lg t j0.707 Le -0.707 Re | 
| 0.707 Re Lg 


= Rgt 0.707 Lp -j0.707 Re | 


0.707 Rg 


Re = Rp -0.707 Lp t+ j0.707 Re = Ry 
0.707 Lg Pe ere 


Ly and R+ are composite signals from SQ encoded records or SQ broadcast. 


\ 


The decoding process is shown schematically. in Figure 4. The 
MC1312P: circuits that perform this function consists of two 
preamplifiers which are fed with left total, Ly, and right total, 
Rt, signals. The preamplifiers each feed two all-pass* networks 
that are used to generate two LT signals in quadrature and two 
Ry signals in quadrature. The four signals are matrixed to yield 
left-front, left-back, right-front, and right-back signals(L_e’, Lp’, 
Re’, Rp’). : ; 7 

The all-pass networks are of the Wein bridge form with the 
resistive arms realized in the integrated circuit. and the RC arms 
formed by external components. The vatues shown in Figure 1 
are for a 100-Hz to 10-kHz bandwidth and a phase ripple of +8.5° 
ona 90° phase differerice. 

It is generally desirable to enhance center-front to center-back 
separation. This is accomplished by connecting a resistor between 
pins 2 and 11 (front outputs) and a resistor between pins 3 and 
14 (back outputs). For a 10% front channel blending’ and a 40% 


back channel blending! ,- 47 kilohms between pins 2 and 11 and. 


*An all-pass network produces phase shift without amplitude variations. 
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7.5 kilohms between pins 3 and 14 is required and results in the 


following equations: 
TR_e” = 0.912 Ly + 0.088 Rr 
Le’ =0.912 Ry + 0.088 Ly 
3 ; 


RB" = “5 [0.714 (JRy - Lt) + 0.286 (Ry - JLT) ] 


Be 


La” NS [0.714 (JLy - Ry) + 0.286 (Ly - JR7)] 


To meet the EIA matrix standards with 10/40 blend use 
the circuit of Figure 5, which results in the following equations: 
Re” = 0.772 (0.995 Rr + 0.0972 Ly) , 
Lp” = 0.772 (0.995 Ly + 0.0972 Ry} 


Rp” 2 (0.769) [0.928 (SR7 - Ly) + 0.372 (Rq - JLy)] 
» NZ 
2 


Lg” =*< (0.769) [0.928 (JLT - Ry) + 0.372 (Ly - JRT)] 


MC1312P, MC1314P, MC1315P. | | 
MC1314P @ GAIN CONTROL AND BALANCE ADJUSTMENT UNIT 


FIGURE 5 — MC1314P TEST CIRCUIT 


, Front Gain Control 0.6 VOV4q’' 


15k F/g 
Lp/Re Balance Balance. Volume 
e O O 


Lr‘ InputO—) a = OR- Output 
MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) | RF’ input O—) ST Orbs babs geb74 Te ase 


MC1314P 


Input Voltage Swing 
Volume Contro! Range -0.3 to +8.0 


Balance Control Voltage 


: + 
Rp’ InputO—) ZOnF 


+ are 
Lp’ Inputo—) DONE OLg Output 
: ORg Output 


Output Current Sinking (dc) 


Output Current Sourcing (dc) 
Power Dissipation @ Ta = +25°C 


Storage Temperature Range -65 to +150 . 


‘ 


ELECTRICAL CHARACTERISTICS (Vcc = +20 V, V4’ = V19' = 0.60 Vdc, Ta = +25°C, Vix = 1.0 Virms) @ 1.0 kHz, balance control 
: pins open, unless otherwise noted.) 


Gain Spread @ Gain = Max . 
@ Gain = -20 dB 
@ Gain = -40 dB 


Signal Handling. (THD < 1%) ; 


Signal Handling (Vq4’ = V49' = 0.42 Vdc balance controls set for max 
gain in channel.undertest) THD < 1%) 
Signal/Noise Ratio (20 Hz - 15 kHz Bandwidth) Note 1. 
VIN = 0.4 Vrms (ref) : \ 
Channel Separation Note 2 
Balance Control Range — 20dB gain Vg = 6.0 V (~Max Gain) 
; Vg = 3.0 V (= 6.0.:dB Gain) 
: Vg = 1.0 V (= 20 dB Gain) 
Gain Enhancement (Vq' = V79' = 0.42 Vdc compared to 
V4‘ = Vg’ = 0.60 Vdc)’ 
Gain Reduction (V4’ = V42 = 1.86 Vde compared to 
V4’ = V1" = 0.60 Vdc) 
Gain Reduction (Vq4' = V49' = 3.12 Vdc compared to 
Va’ = V1.9’ = 0.60 Vdc, Vcc = 25 Vdc) : : 


. Amin gain) (Vin_ > OV) 


Control Currentlgor!42 


‘Balance Control: Reference Voltage (relative to Vcc). ; 
Le/Re & Lg/Rg Controls (Viq/Vcc & V15q/Vcc) 
F/B Control (V7q/Vcc) ; 


o 


° 


> ww wl | 1; 

ooo t 
3 ead 
> aow 


x 
te) 


x 
2 


te 


Note 1: All Inputs ac shorted — 
Note 2: Input to 3-Channets driven, 4th Channel open. . 


TOTAL HARMONIC OISTORTION (%) 


TOTAL HARMONIC DISTORTION (%) 
3 


MC 1312P, MC1314P, MC1315P 


- MC1314P e TYPICAL CHARACTERISTICS 


FIGURE 6 — ATTENUATION versus CONTROL VOLTAGE 


ATTENUATION (d8)} 
IDLE CURRENT (mA) 


Balance Control = 3.0 Vdc 
Pins 4 and 12 = 0.42 V 
Gain= Max 


COREL E 
CONC 


ied 
— 
Beet 
a 
Ll 
a 
aH 
i 
et 
|| 


ARBRGERBS 


~o)6UO O20 C80 


CONTROL VOLTAGE @ PIN 8 (VOLTS) SUPPLY VOLTAGE (VOLTS) 
DISTORTION CHARACTERISTICS 
FIGURE 8 — TOTAL HARMONIC DISTORTION FIGURE 9 — INTERMODULATION DISTORTION 
versus ATTENUATION versus INPUT VOL TAGE 


Vec= 20V 
Volume = Max 6.0 V 
Frequency 1.0 kHz 


60/7000 4:1 
Veg = * Vde 
1.0 kHz 


ee 
A 


Note 3 


INTERMODULATION DISTORTION (%) 


ATTENUATION (dB) INPUT VOLTAGE (VOLTS RMS) 
FIGURE 10 — TOTAL HARMONIC DISTORTION FIGURE 11 — LOGIC VOLTAGE EFFECTS 


versus INPUT VOLTAGE ON TOTAL HARMONIC DISTORTION 


Va and V12=0.6V 


ies 
| Tritt conn UT 
| | 
oT 
EP 
I 
a TL 
esti ee Laps aia 
eee TTT : ae mae aaa 
0 . 0.4 06 |. 08 1.0 


ian vo LTAGE (VOLTS a : INPUT VOLTAGE (VOLTS RMS) 


TOTAL HARMONIC DISTORTION (%) 


. 


Note 3: Major component of THD beyond 20 dB attenuation Is noise. 
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MC 1312P, MC1314P, MC1315P a 
MC1315P @ DC LOGIC ENHANCEMENT CONTROL UNIT 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Supply Voltage (Note 1) | 5 
Input Signal Voltage : | 84.0 | Vpk 


Bias Terminal Current 
Output Current | mA | 


Power Dissipation @ Tq = 25°C 750 mw 
Derate above +25°C 6.7 mw/°c 


ELECTRICAL CHARACTERISTICS (Tq = +25°C, Vcc = 20 Vdc, Logic Control = 50%, Vin = 0.5 Vrms, f = 2.0 kHz, unless 
; otherwise noted, Note 1). . : 


; Characteristic. 


Supply Current (Pin 12} @ Viqy = 0 
@ Vin = 1.4 Vrms: 


Logic Control Input Current @ Pin 2 
(V2 = V4gor Vg = 0) 


Relative Output Change 
Front output with Lg or Rg inputs or back output with L_— or Re inputs 


\ 


Back output with Ce input 


Front output with Le, Ce or Re inputs or back output with Lg, or Reg input 


AGC Leveling - Vin = 1.4 Ves to Viny = 50 mVrms (Note 2) Figure 8 (AGC1, AGC2) 


Quiescent Output Voltage at Max Logic (Sq in Position 1, Figure 12) 
(Vin = 0, V2 = V43) : 
Max Logic Relative Output Change (V2 = V7). 
Front output with Lg or Rg inputs or back outputs with Le, Ce or Re inputs 


Front output with Le, Ce or Re inputs or back outputs with Lg or Rg inputs 


Note 1: When testing with well regulated supplies, current should be limited to 25 mA. 
Note 2: For example, this is the decrease in the back control voltage, Vg with a right front input signal as this signal is varied 
from 1.4 Vrms to 50 mVrms. : : 
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MC1312P, MC1314P, MC1315P 


MC1315P @ DC LOGIC ENHANCEMENT CONTROL UNIT 


FIGURE 12 — MC1315P TEST CIRCUIT 


OVcc = 20 Vde 


$1 shown in normal 5 
position unless other- ; * Resistors matched 
wise specified. to within 1%. 


0.5 V-rms /Q° 0.35 V rms /0° 
0.35 V rms /-90° 0.35 V rms /~45° 
(1) 0.35 V rms /0° 
(1) 
0.35 V rms /0° 
0.5 Vrms /Q° 
0.35 V rms 180° are (1) 
(1) 1.0. V rms /-90° 
0.35 V rms /-90° 1.4. Vrms [0° 
0.35 V rms /90° a) 
0.5 Vrms /0° ; 35 mV rms /-90° 
0.35 Vrms /0° - 50 mV rms /0° 


(1) All unused inputs shall be ac grounded. 
(2) This signal not used at present. 
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MC1312P, MC1314P, MC1315P | 
MC1315P e DC LOGIC ENHANCEMENT CONTROL UNIT 


WHY LOGIC? 


Enhances front to back separation from 6 dB to 20 GB. 


Front-to-back separation of SQ material can be enhanced by the MC1315 logic circuit which detects the presence of domin- 
ant front or back signals and adjusts the front-back gain relationship of the MC1314P to enhance the relative gain of the dom- 
inant channels. 


0) LOGIC DECODER 


MC1314P 


Enhanced 
2 Channel 4 Channel 
Input Output 


Ea Control 


Front and back contro! voltages (from the MC1315P) are connected to the MC1314P. Although the relative gains of the front 
and .back channels are altered with these control signals, they vary in a complementary manner to maintain constant power 
output from the MC1314P. 


CHANNEL SEPARATION 


Basic Matrix - : 10-10 Blend 
Basic Matrix 10-40 Blend F-B and W-M Logic 


2 oe oo ae 


3 5 3 


Numbers indicate Channei Separation in dB 
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ve-L 


1 


S VIOHOLOW (W) 


21d 


‘2uy S1INpoOsg 4039NpUO 


3.9 k 3.9 k 


4.7k 


MC1312P 


0.0033 


3.9 k 3.9 k 


0.018 T 


0.1 


3 


*Note: Coupling capacitor value depends on toad 


of following circult. Zou; of MC1314 is 
2k (Typ), a nominal capacitance value 
of 1.0 #F is suggested. 


Component Toterances 
MC1312P Phase Shift Networks - 25% R&C's 
All other R +10% 
Non Electrolytic £10% 
Electrolytic -20% 
f +100% 


8 9 10 14 12 13 14 


Rt 0.05 
tnput 1 : 
0.018 ‘ 
47k } 4.7k = 


FIGURE 13 — CBS SQ LOGIC SYSTEM (La) 
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fe Ouraus 
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+ | ee 
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; : La tg Output 


O+20V 


! { ——t piso 


dGLELOW ‘dPLELOW ‘dZLELOW 


Me 


GEL 


‘DU SIDNPOsY 40R39NPUOIIUIES YWIOHOLOW (wy) 


NOTES: (Untess otherwise specified) FIGURE 14 — CBS LOGIC SYSTEM WITH VARIABLE BLEND (L2a) 
1. Q1,2,3,4,9 are MPS-A18 : 
2. Q5 is 2N5461 
3. Q7,8,10 are MPS-A55 
4, All Diodes are 1N456 
5. Vol. Semi-Log; F/B Bal, Lp /R¢ Bal; 

Le/Re Bel. sre Sk Linear Pots 
6. All Capacitors Marked*® are 5% Tolerance 
7. Coupting Capacitor Value Depend on Load 
of Foliowing Circuit (1.0 uF Nominal is Suggested). 


8. Adjust 250 2 Rheostat so that 9 is Conducting +20 V. c15 C16 
for an Input of L+ = 0.5 Vams and oO . *0.039 UF °4700 pF 
Ry = 0.08 Vays @ 1 kHz. With Ly = 0.5 Vams : 
_ and Rt = 0.06, Q9 should be Cut-Off. (yr 
9. Power Supply; +20 Vde @ 75 mA @ R13 
10. All Resistor Vatues are in Ohms, Lp \y/ a3 5.1 k 
1/4 Watt, 5%. = 
+ 
RQ R49 6 uF 
4.3 k Stk C18 
c1 c3* ~~ _ 
*0.018 uF 0.1 BF * 
+20 V0 
3.9 k 12345678 
Al MC1315 Al 
‘os 1615 1413 121110 9 
R50 
\ he 5 uF 
ca ee eos 
*3300 pF 
R10 ci139 
43k 20 
*0.039 uF 
+20 VO R15 4700 pF * 
5.1k 
Qi k 
pecan arom: a eae _ 
R17 
ax rate 2k 6 uF. 
+ F + 
ce 8 91011121314 R11 R18 “R19 S C26 
Rro—| aan 4.3k 300 (R20 


0.05 uF 


Us 625 azz eat 
"cist A3 Note 7 
se A12 1 a5 yr “100 k Sur ETT ee cat 
: 4.3k R23 a See Note 7 C42 
3.9k 3.9 k = : c27 = -—o Rg Output 
crs" As ‘ po | | 
0.1 MF onan cs “o.039uF R24 S C28 © enn 
5.1k Y *4700 pF ° Note 7 
= j = ; C43 
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-MC1312P, MC1314P, MC1315P 


TYPICAL SYSTEM PERFORMANCE CHARACTERISTICS (MC1312P, MC1314P, MC1315P) 


| Power Supply Requirements: SO 60 mA (L1a), 75 mA (L2a) @ 20 V 
Nominal Signal Level: 0.5 V 
Maximum Input Voltage: ‘19V 
Input Impedance: 2MQ 
Output Impedance: ~— 2kQ 


Total Harmonic Distortion: 0.2% at nominal input 
at 1 Hz . 1.0% at maximum input 
fi Voltage Gain (at quiescent): oo 1.0 
' 4 Channel Volume Control. Range - 70 dB 
Tracking - within 3 dB 
4 Channel Balance Control: - -35 dB at -20 dB gain 


MC1314P 
. If volume control is not used,connect Pin 8 to +6.0 V. 
. If balance controls are not used, open Pins 1, 7.and 15. 
. Le/Re and LB/Rg balance controls can be ganged by connecting 
Pins 1 and 15. 
‘ Signal handling capability is reduced at maximum logic (20 dB 
front to back separation) unless Vcc = 25 V on MC1314. 


To pins 
4 and 12 
MC1315 MC1314 


MC1315P 

1. The togic control will provide enhancement of front to back 
separation from 6 dB typical to 20 dB max (15 dB typical 
at the recommended operating level of 50% control). 

2..To defeat the logic use the circuit connections as shown on right. 


SYSTEM CHARACTERISTICS 


FIGURE 16 — GAIN versus Lf/RE 
FIGURE 15. — GAIN versus F/B BALANCE BALANCE CONTROL 


GAIN (a8) 
GAIN (dB) 


nt 
T/L | Le/Re = Lp/Rp=3.0V 
7 fo la a oe 

-16 Vg=6.0V 
|| oup=tg=0.88v 


0 1,0 2.0 3.6 4.0 5.0 7.0 0 , 2.0 . 40° 6.0 8.0 10 
F/B BALANCE CONTROL VOLTAGE (VOLTS) : Le/Re BALANCE CONTROL VOLTAGE (VOLTS) 


el 
mc 
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= 
tl 
-8.0 = 
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|_| 
= 
= 
joo 
0 


7-36 


-MC1312P, MC1314P, MC1315P 


Signal Definitions for Total System 
Test signals shall have the following relative phase and amplitude characteristics. 


Source Location : Input Signals 
ky RT 
LF 1 0 
CF oe 71 74 
RF 0 1 
Lg , - .71/-90° .71/180° 
RB are, 71/909 


Where Le is left front, Rg is right back, CF is center front, etc. 


1 


. System Tests: MC1312P, MC1314P, MC1315P 


a) Lg source - connect signal to LT input, ac ground RT input of MC1312P. 

b) Re-source - apply signal to Rt, ac ground LT. 

c) Cr source - apply equal signals to Lt and Rt inputs. 

NOTES: Balance contro! inputs of MC1314 may be opened for convenience or set for perfect balance with Ce and Cg 
inputs; set logic control to 50%: Max-signal should be limited to 1.6 Vrms LT or RT: MC1314P outputs give 
system performance, typically 15 dB front back separation for corners, 12 dB for center front, center back. 


2. Logic Circuit Tests: MC1315P 


a) Lf source - apply Lp’ =/2 Re’, Rp’ = 0; de voltage at Pin 3 should decrease by 3 dB, at Pin 5 should increase by 9 dB. 
b) Rg source - apply Re’ = V2 Rp’, Rp’ = 0; de voltage at Pin 3 should increase by 9 dB, at Pin 5 should decrease by 3 dB. 


3. Voltage Controlled Amplifier Tests: MC1314P 


a) Volume control - with balance controls open or balanced, gain should be +0.5 dB at 6 V on Pin 8and less than -60 dB. 
atOV. F 

b) Balance controls - with. balance controls at Pins 1 and 15 at 15% of supply and Pin 7 at 13% of supply, system is nom- 
inally balanced. Taking Pin 1 to ground should increase Le gain by 3 dB and decrease Rf gain by greater than 12 dB 
at maximum volume and 30 dB at lower volume levels. : 
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. . . designed for use in solid-state color television receivers. May be 
used in any conventional! color picture tube application. 
For next generation single-gun color picture tube applications, 
the MC1323P/PW features three independent demodulators with 
each gain adjustable with no change to dc output levels. 
The MC1323PW package is suited for higher power, higher 


ORDERING INFORMATION 


Device Temperature Range : one 
MC1323P — 0°C 10 +75°C Plastic DIP ~-. C1323P 
MC1323PW 0°C to +75°C Heat Spreader 
: Plastic DIP 


OUTPUT MATRIX 


ambient temperature applications. 


Low Differential Output DC Offset Voltage — 
-<500 mV (Max) . 


Complete Freedom in Choice of Demodulation Axes 


High Blue Output Voltage Swing — 
10 V(p-p) (Typ) 
Guaranteed Chroma Sensitivity — 
450 mV(p-p) (Max) 
Brightness Input Provided 
Blanking Input Provided 
Circuit Regulated — 16 to 22 V Operating Window 
Power Dissipation @ Ta = 25°C — 
Pp = 2.2 W — MC1323PW 
= 1.25 W — MC1323P 


Package 


TRIPLE DOUBLY BALANCED CHROMA 
DEMODULATOR WITH ADJUSTABLE 


MC1323PW 


TRIPLE DOUBLY BALANCED 

». CHROMA DEMODULATOR 
WITH ADJUSTABLE 

OUTPUT MATRIX 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 648 


FIGURE 1 ~— TYPICAL APPLICATION 
CRT-Gun Tracking Adjustments 


, Brightness 


Blankin 
Amp 7 


‘Amp 


-MC1323P 


0.1 uF O2 


Amp 


3 93 
Blanking input _ 0.07 uF 
: Chroma R-Y Reference 
Subcarrier 


Anput 
fe @ 106° 


Red Green 


40 
0.01 wel 0.01 uF 
= 0.01 UF 


Btue 
2.5k 


mae 


Red 
Video 
Output 


Green 
Video 
Output 


470, 


7 wH 16.4 pH Luminance 


Driver 


‘ie pF 7p 123 pF aves pF 
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MC1323P, MC1323PW 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Blanking Signa! Input’ Voltage - we 


22 | vide | 

Minimum Load Resistance. (Pins 6,7,10) ; nr ee a ee 
45 oa 

Ot ees 


Brightness input Range — Max 
¥ Min. : 
erating Ambient Temperature Range 
Storage Temperature Range 
Power Dissipation @ Ta = 25°C 
Derate above +25°C | 10... 17 
THERMAL CHARACTERISTICS ; 


; Characteristic’ _ 


Thermal Resistance, Junction to Ambient 
MC1323PW ~ 


ELECTRICAL CHARACTERISTICS (Vcc = +18 Vac, Ry = 2.2 k2, VReF = 1.0 Vip-p), Ta = +25°C unless otherwise noted.) 


po Characteristic Pino Min tye Max unit _| 


| 
ao] 


STATIC CHARACTERISTICS (Figure 2) S1, $2, and $3 in Position 1) 
Quiescent Input Current From Supply. 


DYNAMIC CHARACTERISTICS (Figure 2) 


Chroma Input Voltage 
{__ (Pin.6 Output = 5 Vip-p) S1 in Position 2) 
Detected Output Voltage _ 
(Pin'6 Output = 5 Vip-p) $1 in Position 2 
Bianking Output Voltage (S3 in Position 2) 


Brightness Output Swing 
($2 in Position 2) 


FIGURE 2 — TEST CIRCUIT WITH REFERENCE INPUT SIGNAL 
(Quiescent Current, DC Output Voltage, Difference Voltage) 


220 


Vec = 18 Vde 


3 Vpp J | | | 
fe-t2 us 
ee 


Blanking. 10k 2 
Input > w~O 


Reference 
(R-¥)-(G-¥) (BY) 


‘Note: All switches in Position 1 
untess otherwise noted. 


Ry = 2.2 k for ; 
Electrical Characteristics 


Subcarrier ; 
Input 3.58 MHz 


1.0 Vp-p 


s = 


ns & MOTOROLA Semiconductor Products Inc. 


‘ ¥ 
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-MC1323P,MC1323PW 


CIRCUIT DESCRIPTION 


The MC1323P is a doubly balanced chroma demodu- 
lator that offers several novel features. Three separate 
independent demodulator sections are used to obtain the 
(R-Y), (B-Y) and (G-Y) outputs’ allowing complete free- 
dom in the choice of demodulation axes and individual 
demodulator conversion gain. 

The (R-Y) demodulator is shown in Figure 10 (both. 
(B-Y) and (G-Y) are similar), and is a conventional doubly 
balanced circuit. The chroma input, which is common to 
alf three demodulators, is applied at Pin 3 to the balanced 
pair Q15, Q16, which are evenly dividing the 1 mA bias 
. current from the current source 014. The upper switching 
pairs Q17, Q18, Q19 and Q20 are driven with approxi- 
mately 1 Vpp of reference subcarrier applied at Pin 4. If 
the subcarrier at Pin 4 has a relative angle of 109°, then 
the output from the switching pairs will be the desired 
(R-Y) signal. Similarly, for the (B-Y) demodulator, the 
reference phase at Pin 9 is approximately 3°. To, avoid 
unnecessarily wide phase shift networks to provide the 


256° reference phase for the (G-Y) demodulator, the- 


chroma input is phase reversed and the reference angle 
becomes 76° at Pin 12. 

The demodulator is unique in the manner in which the 
demodulated signals are connected to the output pins. 
Instead of feeding load resistors returned to the supply 
voltage rail, the collectors of Q17, Q19 are coupled to 
the current mirror Q21, Q22, Q23. At balance, with no 
chroma input signal, Q17, Q19 current (mirrored in Q23) 
matches Q18, Q20 and the net current at Pin 5 is zero. If 
a load resistor is connected from Pin 5 to some convenient 


voltage source, the base of Q25 will be at that voltage - 


regardless of the size of load resistor. Therefore, the con- 
version gain of the demodulator (defined by the size of 
the resistor at Pin 5) can be easily changed, yet changes in 
gain do not result in a change of the dc voltage level at 


the demodulator output (Pin 6). The ability to change 
gain, together with a complete. choice of demodulation 
axes, allows the designer to compensate for non-standard 
CRT phosphors, different color temperatures, and allows 
easy implementation of automatic hue or color level 
contro! circuits. - @ 
In order to provide temperature stability of the output’ 
dc levels, a reference voltage for the load resistors (Pins 
5, 8, and 11) is supplied at Pin 15 with a nominally zero 
TC. Since the demodulator output dc levels are defined 
by the voltage source to which the load resistors are re- 
turned, another voltage source is provided at Pin 16 and 


- is approximately 1.5 volts lower than Pin 15. Returning . 


the load. resistors to the wiper arms of potentiometers 
connected between Pins 15 and 16 will allow the output 
dc level of each demodulator to be changed independently 
over a 1.5 V range. If the potentiometers have a com- 
paratively low resistance compared to the load resistors, 
negligible change in ac gain will occur with wiper arm ro- 
tation and the dc shift can be used to help set up the 
picture tube grey.scale tracking. The voltage source at 
Pin 16 is obtained by providing a temperature compen- 
sated current in Q5 emitter load. This current is ‘‘mirrored” 
in Q8, producing the 1.5 V difference between the bases 


‘of Q11 and O12. ; 


The brightness input at Pin 14 allows the dc output 
level of all three demodulators to be changed and is a 
convenient point for a brightness control or brightness 
range/brightness limiter function. 

Output blanking during retrace is achieved by applying 


‘a +3 V pulse at Pin 2 (O13 base). The outputs become 


clamped to Q2 emitter voltage preventing the demodu- 
fator upper pairs from becoming saturated during blanking 
and giving a very well defined blanking pulse amplitude. 


TYPICAL DESIGN CHARACTERISTICS (Vc = +18 Vde, RL = 2.2 k®, VRep = 1.0 Vip), Ta =.+25°C) 


Output Voltage Temperature Coefficient 
(Reference Input Voltage = 1.0 V(p-p), 
Ta = +25 to +75°C) 


Chroma Input Voltage 


Reference Input Voitage - 


Differential Blanking Output Voltage 
($3 in Position 2) ‘ 


> 
oO 
o 


DEVICE DISSIPATION (mW) 
3 
co 


w 
o 
—) 


| | TAN AAT 
Pt tT AMAL 


*Pin 16 Open, Connect 
3.6 k Resistor From 
Pin 15 to Gnd (Figure 2). | - 


19 
SUPPLY VOLTAGE (Vdc) © 


\ 


Pin 6,7,10 


RL 


21 


23 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC1323P, MC1323PW 


: _ TYPICAL CHARACTERISTICS | 
(Ta = 25°C unless otherwise noted. Refer to Figure 2 except where noted.) 


FIGURE 4 — DEMODULATOR GAIN LINEARITY AND TOTAL 
HARMONIC DISTORTION CHARACTERISTICS 
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DEMO DULATOR LOAD = 10 ksz, 51 pF (| | [| f [ ff 2 
- schastcaroreet tT 


bake 
o 
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FIGURE 6 — DETECTED OUTPUT VOLTAGE 
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DETECTED QUTPUT VOLTAGE (Vp-p) 


04 0.6 0.8 1.0 12 1.4 
REFERENCE INPUT SIGNAL AMPLITUDE (Vp-p) 


FIGURE 8 — DC OUTPUT VOLTAGE versus 
LUMINANCE INPUT 
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_ PIN 7,8, 10 - OUTPUT VOLTAGE (VOLTS) 


7.0 8.0 3.0 10 11 


6.0 
” PIN 14 — LUMINANCE INPUT VOLTAGE (VOLTS) 


(AA) MOTOROLA Semiconductor Products Inc. 
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FIGURE. 5 — CHROMA BANDWIDTH 
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FIGURE 10 — CIRCUIT SCHEMATIC 
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- ORDERING INFORMATION 


. Device Temperature Range Package 
MC1324P 0°C to +75°C Plastic DIP 


MC1324 


DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 
WITH 
R G B OUTPUT MATRIX 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


DUAL DOUBLY BALANCED CHROMA 
- DEMODULATOR WITH R G B MATRIX 
AND CHROMA DRIVER STAGES 


.a monolithic device designed for use in solid: -state color tele- 
vision receivers. 


Luminance Input Provided 

Good Chroma Sensitivity — 0.36 Vp-p Input for 5 Vp-p biti 
Low Differential Output DC Offset Voltage — 0.6 V max 

OC Temperature Stability — 3 mV/°C typ 


Negligible Change in Output Voltage Swing and Varying . 
3.58-MHz Reference Input Signal 


High Ripple Rejection Achieved with MOS Filter Capacitors 
High Blue Output Voltage Swing — 10 V(p- PI typ 

Blanking Input Provided 

Improved MC1326 

Short-Circuit Protected Outputs 


(top view) 


PLASTIC PACKAGE 
CASE 646 


“ 


FIGURE 1 — MC1324 TYPICAL APPLICATION 


BLANKING pour 
INPUT 


: ‘ 1.0 uF 
INPUT , 
0.01 2F 
MPS U10 


CHROMA INPUT @——)}— wea 


0.01 pF 0.01 uF 
3.58 MHz : t 


REFERENCE | 
SIGNAL INPUT 


A typical application is given above ta indicate 
the requirements and output functions of this 
chrama demodulator. 
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Mc1324 


MAXIMUM RATINGS (Ta = +25°C unless ornate noted.) 


Power Supply Voltage 

Chroma Signal input Voitage 

Reference Signah Input ie. 
| Minimum Load Resistance 

Luminance Input Voltage 


Blanking Input Voltage 


Power Dissipation (Package Limitation) 
Plastic Package 
_Derate above TA = +25°C 


Operating Temperature Range (Ambient) 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (oe = 24 Vie, Veet = 1.0 Vip-p). Ry = 3.3 k ohms, Ta = +25°C unless otherwise noted.) 


a Sa A 


STATIC CHARACTERISTICS iSee Figure 2.) 


"Quiescent input Current 
(RL = 0 ; 
(Rp =3.3k ohms) 


Reference tnput de Voltage 
Chroma Input de Voitage 89,10 
Differential Output Voltage 


Output Temperature Coefficient 
(Reference Input Voltage = 1.0 V(p-p), +25° to +65°C}) 


DYNAMIC CHARACTERISTICS (See Figure 3.) 
Detected Output Voltage (See Note 1.) 


Luminance Gain From Pin 3 to Outputs 
(@ dc) 
(@ 5.0 MHz) 


Blanking Input Resistance 
1.0 Vde 
OVde 

Detected Output Voltage (Adjust B-Y Output to 
5.0 V(p-p), Luminance Voltage = 23 V) 


Chroma Input Voltage (B-Y Output = 5.0 VIp-p]) (See Note 2.) Rae 


G-Y Output 

R-Y Output 

Relative Output Phase (B-Y Output = 5. 0 Vip-p), 
Luminance Voltage = 23 V) 

. B-Y to R-Y Output 

SE VID DI B-Y to G-Y Output 


5.0. Vip-p) 


Demodulator Unbalance Voltage (no Chroma Input : 
Voltage and normal Reference Signal Input Voltage) ; 


Residual Carrier and Harmonics Output Voltage (with 
Input Signal Voltage, normal.Reference Signal 
. Voltage and B-Y Output = 5.0 V[p-p] ) 


Reference Input Resistance | 
Reference Input Capacitance 
Chroma Input Resistance 


Chroma tnput Capacitance 


NOTES: : { 


1. With normal Reference Input Signai Voltage, adjust Chroma Input Signal Voie to 1.2 Vip-p). 
2. With normal Reference Input Signai Voltage, adjust Chroma !nput Signal Voltage until the Biue Output Voltage = 5 V(p-p). The Chroma 
Tape Voltage at this point ‘should be equal to or less than 0.7 V{p-p). 


TAA xy 


MC 1324 


TEST CIRCUITS | . 
(Voc = 24 Vde, RL = 3.3 Kilohms, Ta = +25°C unless otherwise noted.) 


FIGURE 2 — DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 
(B, R, AND G) 


B-Y REFERENCE INPUT 
R-Y REFERENCE INPUT 


BLUE OUTPUT 


output | ouTPuT 


O.1uF © 


OV 
LUMINANCE INPUT | | | | 


3.58 MHz 
REFERENCE 
INPUT 

1.0 V(p-p) 


. : TYPICAL CHARACTERISTICS 
FIGURE 4 — DETECTED OUTPUT VOLTAGE 


(Test Circuit of. Figure 3) FIGURE 5 — POWER DISSIPATION 
400 
3 
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SUPPLY VOLTAGE (Vdc) 
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Mc1324_ 


- FIGURE 6 — CIRCUIT SCHEMATIC 
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BLANKING 
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ORDERING INFORMATION 


Device § Temperature Range Package 
MC1327P- —20°C to +75°C Plastic DIP 
MC1327PQ —20°C to +75°C Plastic 


DUAL DOUBLY BALANCED CHROMA 
- DEMODULATOR WITH RGB MATRIX, PAL 
SWITCH, AND CHROMA DRIVER STAGES 


- °..,amonolithic device designed for use in solid-state color television 
receivers. 


@ Good Chroma Sensitivity — 0.28 Vp-p Input Typical 
for 5.0 Vp-p Output | 
Low Differential Output DC Offset Voltage — 0.6 V Maximum 


Differential DC Temperature Stability — 0.7 mV/°C 
High Blue Output Voltage Swing — 10 Vp-p Typical 
Blanking Input Provided ; 
Luminance Bandwidth Greater than 5.0 MHz 


REFERENCE 1° 
SIGNAL C1327 
. : 


REFERENCE 
SIGNAL 


13 Y 
4.43 MHz 
BY - O10 


2x470 nH 


RY ay 
CHROMA SIGNAL 
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DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 


with 


RGB OUTPUT MATRIX 
AND PAL SWITCH 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 


PLASTIC PACKAGE 


CASE 646 


68k, 10 W, 5% 


MPS6544 @ 390 
OR EQUIV Lbs 
1.2k R 


PQ SUFFIX 
PLASTIC PACKAGE 
‘CASE 647 


GREEN CATHODE 


BLUE CATHODE 


OC BIAS 


MAXIMUM: RATINGS (Ta, = +25°C unless otherwise noted) 


MC1327 


Minimum Load Resistance 


Binking apuE Voge i 


Power Dissipation (Package Limitation) 
Plastic Packages 
Derate above Ta = +25°C 


Operating Temperature Range (Ambient) -20 to +75 
Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, RL = 3.3 k ohms, Ta = +25°C unless otherwise noted) 


pt haraeteristie Tino Tin tye Tmax [unit 


STATIC CHARACTERISTICS 
Quiescent Output Voitage 1,2,4 13.2 Vdc 
(See Figure 2) : ; 
Quiescent tnput Current from Supply (Figure 2) ‘ mA 
(Ru =) 7.5 - 
(Ry = 3.3 k ohms) 19 26 
ewes 


Reference tnput DC Voltage (Figure 2) 5,12,13 pe ee BD 
Chroma Reference Input DC Voltage (Figure 2) , 8,9,10 Ee ae ee Es 


Differential Output Voltage 1,2,4 0.3 Vde 
(See Note 1 and Figure 2) se 
(See Note 1 and Figure 2) 

(+25°C to +65°C) 


, Blue Output Voltage Swing : 
(See Note 2 and Figure 3) 


Differential Output Voltage 
Temperature Coefficient (See Note 1 and Figure 2) 
(+25°C to +65°C) 


Output Voltage Temperature Coefficient 


Chroma Input Voltage (B Output = 5.0 Vp-p) 
(See Note 3 and Figure 3) 


Luminance Input Resistance 


Luminance Gain From Pin 3 to Outputs 
(@ dc) : 
(@ 5.0 MHz, reference at 100 kHz) 


Differential Luminance Gain, RGB Outputs e. 3 
(@ 5.0 MHz) 


Blanking input Resistance 
(1.0 Vdc) 
(0 Vdc) 


Detected Output Voltage (Adjust B Output to 5.0 Vp-p, 
Voltage = 23 V) 9 
(See Note 4) G Output 
; R Output 


PAL Switch Operating Voltage Range 
(7.8 kHz Square Wave) : 
Demodulator Unbalance Voltage (no Chroma Input Voltage and 
hormal Reference Signal Input Voltage) ~ : 


Residual Carrier and Harmonics Output Voltage (with Input Signal 
Voltage, normal Reference Signal Voltage and B Output = 5.0 Vp-p) 


Reference Input Resistance (Chroma Input = 0) : 


Chroma Input Capacitance 


NOTES: 1. Chroma Input Signa! Voltage = 0 and normal! Reference Input Signal Voltage = 1.0 Vp-p: 
. With normal Reference input Signal Voltage, adjust Chroma Input Signal Voitage to 1.2 Vp-p. 


. With normal Reference input Signa! Voltage, adjust Chroma input Signal Voitage until the Biue Output Voltage = 5.0 Vp-p. 


> an 


Red and Green voltages will fall within the specified limits. : 
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. With normal Reference tnput Signa! Voltage, adjust Chroma Input Signal Voltage until the Biue Output Voltage = 5.0 Vp-p. At this point, the - 


MC1327 


MC1327 CHROMA DEMODULATOR (PAL) 


BY oc RY 
INJECTION INJECTION 8-Y OUTPUT 
O13 O5 $ 


&-Y QUTPUT R-Y QUTPUT INJECTION 


O04 02 O 12 


Vec 
{+24 Vdc) 


98 ok 0.2 20 j i: PN ok ose 18 A 


BLANKING A 
INPUT . 


O8 ‘ 
8-¥ CHROMA CHROMA R-Y CHROMA PAL SWITCH SIGNAL 
oc 


REFERENCE 
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MC1327. , 


TEST CIRCUITS 
(Voc = 24 Vde, Ry = 3.3 kilohms, Ta = +25°C unless otherwise noted) 


\ 


FIGURE 2 — DC OUTPUT VOLTAGE TEST CIRCUIT 


. WITH NORMAL REFERENCE INPUT VOLTAGE 
: (B, R, AND G) 


B-Y REFERENCE INPUT 
R-Y REFERENCE INPUT 


FIGURE 3 — DYNAMIC TEST CIRCUIT 


BLUE OUTPUT RED OUTPUT GREEN QUTPUT 


CHROMA 
{NPUT 


B-Y REFERENCE INPUT 


R-Y REFERENCE INPUT 


c——_———_———# PAL SWITCH SIGNAL 


0.047 uF 


ORDERING INFORMATION | 
~___Device Temperature Range Package _ . 
WSIsG0KIP 00 w 4750 Paso DIP MC1330A1P 


MC1330A2P. 


MC1330A2P 0°C to +75°C Plastic DIP | 


LOW-LEVEL VIDEO DETECTOR 


. an integrated circuit featuring very linear video character- LOW-LEVEL VIDEO 
istics and wide bandwidth. Designed for color and monochrome DETECTOR 


television receivers, replacing the third IF, detector, video buffer and 7 
AFC buffer. SILICON MONOLITHIC 


© Conversion Gain — 33 dB (Typ) INTEGRATED CIRCUIT 


@ Excellent Differential Phase and Gain 
High Rejection of 1F Carrier Feedthrough 
High Video Output — 8.0 V(p-p) . 

Fully Balanced Detector 
Output Temperature Compensated 
Improved Versions of the MC1330P 


CIRCUIT DESCRIPTION epee pAGeNaE 


The MC1330A video detector is a fully balanced multiplier detec- outed 


tor circuit that has linear amplitude and phase characteristics. The 
signal is divided into two channels, one a linear amplifier and the 
other a limiting amplifier that provides the switching carrier for the 
detector. : a OUTPUT VOLTAGE SELECTION 

The switching carrier has a buffered output for use in providing The MC1330A1P is identical to the MC1330A2P 
the AFT function. with the following exception: 

The video amplifier output is an improved design that reduces . ZERO SIGNAL DC 
the differential gain and phase distortion associated with previous OUTPUT VOLTAGE | 
video output systems. The output is wide band, > 8.0 MHz, with MC1330A1P 7.0 to 8.2 Vdc 
normal negative polarity. A separate narrow bandwidth, positive MC1330A2P ' 78 to 9.0 Vde 
video output is also provided. 


: FIGURE 1 — CIRCUIT SCHEMATIC 
ae 3 TUNED CIRCUIT 
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O Vcc 
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MC1330A1P, MC1330A2P 


Anne RATINGS 


[ctr a ce RSET) GORE SE 
Foc vio OupunGurent 8 | 
POCAFT OumutCurent YY 
A 


Dpsating Ambien Tenses Rana See ee eee 
Storage Temperature Range athe to +150 


Supply Current 
Maximum Signal dc Output Voltage 


Conversion Gain for 1.0 Vp. p Output 
. {30% Modulation) 


are Sn Sime a [aT 


FIGURE 3 — INPUT ADMITTANCE 


UL NE Meal GD 
aS 
Pte TTT 
pe ee Ae 
ae 
ttt A 

fon | Alvecsz0 ver 
CET al saa Ne 
CTT 
ere I ee 


5.0 10 30 50 100 


Zero Signal de ee Voltage MC1330A1P 7.0. 8.2 Vde 
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FIGURE 2 — TEST FIXTURE CIRCUIT 
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FIGURE 4 — VIDEO DETECTOR OUTPUT RESISTANCE 


Peer ect Pei 
iN a Eee H 


» AFT OUTPUT q PRIMARY OUTPUT "$50 


37 eae ae 2 500 
33k 7.7V = 
L L! © 460 

2 
0 = 400 


11, C1: See General Information Number 3, . ; = 350 
page § ot this specification. 
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(S) MOTOROLA Semiconductor Products Inc. 
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MC1330A1P, MC1330A2P 


DESIGN CHARACTERISTICS (Voc = +20 Vde, 0 = 40, fr = 45.75 MHz, Ta = +25°C unless otherwise noted) 


. : Characteristic 
Input Resistance 
Input Capacitance 
internal Resistance (Across Tuned Circuit) 
Internal Capacitance (Across Tuned Circuit) 


Negative Video Output Bandwidth (Figure 10) 
Positive Video Output Bandwidth (Figure 10) 


Differential Phase @ 3.58 MHz, 100% Modulated 
’ Staircase, 3.0.Vp-p Detected Video Pin 5 Tied to Pin 6 

Differential Gain @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video Pin.5 Tied to Pin6 


Differential Phase @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 k2 

Differential Gain @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kQ 


920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 11) | 
45.75 MHz = Reference 
42.17 MHz = - 6 4B 
41,25 MHz = -20 dB 


Video Output Resistance @ 1 MHz,2mA 


Degrees 


re oO - % 
F Degrees ; 
J % ; 


Input Overload (Carrier Level at Input to . Veco = 12 Vde 
Caused Detector Output, Pin 4, - Veco = 15 Vde 
To Go Positive 0.1 Vde From Vcc = 20 Vde 
Ground.) | Voc = 24 Vde 


Power Supply Voltage Range 


MODULATION . 


MONITOR ADJUST FOR o. oR 
TEKTRONIX 475 O0T03:V PEAK 
AT OUTPUT OF 


aed ds VIDEO DEMODULATOR 


BALANCED 

MODULATOR 
ANZAC 
Foomo-141 

Lo 


10 dB 
502 
VARIABLE 
PAD 


= 
n 


44 mV 

INTO LOAD 
BOONTON 
91D 


2nd & 3rd 
HARMONIC 
TRAP 


60 100mV INTO 
LOAD 
BOONTON 910 


WIDEBAND 
AMPLIFIER 
H.P, 8447F 
Ay = 26 dB 


e 
MODULATION 
ADJUSTMENT 

=-11V FOR 
100% 


viDEO 


: MODULATOR - 
45.75 MHz me Ee ‘ 
30 dB GENERATOR 
2 FIXTURE 
2 H.P. 608E Riad =3k TYP. 
VARIABLE 


PAD 


SIX STEP 
MODULATED 


See VECTOR SCOPE 
GENERATOR. SUBCARRIER VECTOR SCOPE 
TEKTRONIX TEKTRONIX PREAMPLIFIER 


144 NTSC 520 NTSC 


(S) MOTOROLA Semiconductor Products Inc. 
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OUTPUT VOLTAGE, PIN 4 (Vde) 


RELATIVE ATTENUATION (d8) 


-MC1330A1P, MC1330A2P 


TYPICAL CHARACTERISTICS 


(Vee = +20 Vde, Ta = 


FIGURE 6 — OUTPUT VOLTAGE TRANSFER FUNCTION 


GQUTPUT VOLTAGE, PIN 4 (Vide) 


CARRIER INPUT VOLTAGE (mV{sms]) 


FIGURE 8 — OUTPUT VOLTAGE, SUPPLY CURRENT 


| 
20 SUPPLY CURRENT 
CARRIER INPUT =0 


8.0 10 12 14 16 18 20 22 24 


SUPPLY VOLTAGE (Vdc) 


FIGURE 10 — VIDEO OUTPUT RESPONSE 
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+25°C Unless Otherwise Noted) 


FIGURE 7 — OUTPUT VOLTAGE TRANSFER FUNCTION | 
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FIGURE 9 — AFT LIMITING 
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FIGURE 11 — VIDEO OUTPUT PRODUCTS | 


REFERENCE = = 3. 58 MHz OUTPUT 


45.75 Miz INPUT = 25 mV ae 
42.17 MHz INPUT = lee 5m 


RELATIVE PRODUCT ATTENUATION (8) 


-10 ~ 20 -30 ~40 
RELATIVE 41.25 MHz INPUT LEVEL (dB) 


@) MOTOROLA Semiconductor Products inc. 
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MC1330A1P, MC1330A2P 


TV-IF Amplifier Information 


A very compact high performance IF amplifier con- 
structed as shown in Figure 14 minimizes the number of 
overall components and alignment adjustments, It can be 
readily combined with normal tuners and input tuning- 
trapping circuitry to provide the performance demanded 
of high quality receivers. This configuration will provide 
approximately 93 dB voltage gain and can accomodate the 
usual low impedance input network or, if desired, can 
take advantage of an impedance step-up from tuner to 
MC1349P input. 

The burden of selectivity, formerly found between the 
third IF and. detector, must now be placed at the inter- 
stage. The nominal 3 volt peak-to-peak output can be 
varied from O to 7.0-V with excellent linearity and free- 
dom from spurious output products. 

Alignment is most easily accomplished with an AM gen- 
erator, set at a carrier frequency of 45.75 MHz, modulated 
with a video frequency sweep. This provides the proper 
realistic conditions necessary to operate to low-level 
detector (LLD).. The detector tank is first adjusted for 
_ maximum detected de (with a CW input), next, the video 

sweep modulation is applied and the interstage and input 
circuits aligned, step by step, as in a standard IF amplifier. 

Note: A normal IF sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLD tank attempts to “follow” the sweep input fre- 
quency, and. results. in variations of switching ampli- 
tude in the detector. Hence, the apparent overall response 
becomes modified by the response of the LLD tank, 
which a’real signal doesn’t do. 

This effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweep genera- 
tor approximately 3 dB greater than the sweep amplitude. 
See Figures 12 and 13 below. For a more detailed descrip- 
tion of the MC1330AP see application note AN-545. 


MC1330A General Information 


The MC1330A offers the designer a new approach to 
an old problem: Now linear detection can be performed at 


FIGURE 12 — BYPASS DISPLAYED BY 
CONVENTIONAL SWEEP 


‘to 50 are recommended. 


much lower power signal levels than possible with a detec- 
tor diode. ; 

Offering a number of distinct advantages, its easy 
implementation should meet with ready acceptance for 
television designs. Some specific features and information 
on systems design with this device are given below: 

1. The device provides excellent linearity of output 
versus input, as shown in Figures 6 and 7. These graphs 
also show that video peak-to-peak amplitude (ac) does not 
change with supply voltage variation. (Slopes are parallel. 
Visualize a given variation of input CW and use the figure 
as a transfer function.) 

2. The dc output level does change linearly with supply 
voltage shown in Figure 8. This can be accommodated 
by regulating the supply or by referencing the subsequent 
video amplifier to the same power supply. 

3. The choice of QO for the tuned circuit of pins 2 and 3 
is not critical. The higher the Q, the better the rejection 
of 920 kHz products but the more critical the tuning 
accuracy required. See Figure 11. Values of O from 20 
(Note the internal resistance.) 
4. A video output with positive-going sync is avail- 


. able at pin 5 if required. This signal has a higher output 


impedance than pin 4 so it must be handled with greater 
care. If not used, pin 5 may be connected directly to the 
supply voltage (pin 6).The video response will be altered 
somewhat. See Figure 10. 

5. An AFT output (pini1) provides 460 mV of: IF. 


‘carrier output, sufficient voitage to drive an AFT ratio 


detector, with only one additional stage. 

6. AGC lockout can occur if the input signal pre- 
sented in the MC1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page 3. If these values are exceeded, the turns ratio be- 
tween the primary and secondary of T4 should be in- 
creased. Another solution to the problem is to use an in-. 
put clamp diode D4 shown in Figure 14. 

7. The total |.F: noise figure at high’ gain reductions 
can be improved by reflecting ~ 1 k source impedance to 
the input of the MC1330AP. This will cause some loss in 
overall IF voltage gain. 


_ FIGURE 13 — BYPASS DISPLAY WITH THE ADDITION 
OF CARRIER INJECTION 


ae | 


ous (S) MOTOROLA Serniconductor Products inc. 
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-MC1330A1P,MC1330A2P =, 


FIGURE 14 ~ TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330A LOW-LEVEL VIDEO DETECTOR CIRCUIT 


+20Vde 
2ovF — ~~~ 


C12 : 
0.002 uF AUXILIARY VIDEO 
an: 0.002 uF $4, a yinut yy A 


ia 
0.002 uF 10V 


PRIMARY VIDEO 
AND SOUND OUTPUT 


MC1330A 


3 
~~ 
Tuans= TURNS 


All windings 22 AWG tinned nylon L1 wound with 26 AWG tinned nylon 

acetate wire tuned with Coilcraft #61 acetate wire tuned by distorting winding. 

slugs, size 10-32, or equivalent 

*See Note 1 {page 3), and C4, Parts List (page 4) for this specification on the MC1349P Data Sheet. ; 
**See input Overload Section of the Design Characteristics Page 3, and General Information, Page 5, Note 6, 


#10 


FIGURE 15 — PRINTED CIRCUIT BOARD PARTS LAYOUT FIGURE 16 — PRINTED CIRCUIT BOARD LAYOUT 


COPPER SIDE UP 
COPPER SIDE UP 
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ORDERING INFORMATION 


Device ‘Temperature Range Package 
MC1331P — . OC to +75°C Plastic DIP 


LOW-LEVEL VIDEO DETECTOR 


: Baa? Saka : : : a : LOW-LEVEL VIDEO 
. an integrated circuit featuring very tinear video characteristics DETECTOR 


and wide bandwidth. Designed for color and monochrome television 

receivers, replacing the third IF, detector, video buffer, AFC buffer, ; 

sound IF detector, and sync separator. : SILICON MONOLITHIC 
Conversion Gain — 34 dB typical INTEGRATED CIRCUIT 


Video Frequency Response at 8.0 MHz <3.0 dB 
Input of 36 mV Produces 3.0 V (p-p) Output 
High Video Output — 6.0 V (p-p) 

Fully Balanced Detector 

Separate Sound Detector 

Differential Inputs 


CIRCUIT DESCRIPTION 


The MC1331 video detector is a fully balanced multiplier detector circuit 
that has linear amplitude and phase characteristics. The signal is divided into 
two channels, one a linear amplifier and the other a limiting amplifier that 

provides the switching carrier for the detector. The input signal level is sensed PLASTIC PACKAGE 
by an overload protection circuit. and clamps the video output amplifier, ; CASE 646 
_ preventing AGC system tock out. : 

The switching carrier is also'used in the sound detector, converting the 41.25 
MHz sound carrier into the 4.5 MHz IF frequency. The sound detector has a 
tuned 4.5 MHz tank circuit to develop the narrow band sound carrier output. - 

The switching carrier has a buffered output for use in providing the 
AFT function. : ; 

The video amplifier output is an improved all NPN design that reduces the 
differential gain and phase distortion associated with previous video output 
systems. The output is wide band, > 8.0 MHz, with normal negative polarity. 

A separate, narrow bandwidth, positive video output is also provided. internal 
regulation. maintains the video output dc reference essentially independent of 
supply voltage variations and reduces the variation in the absolute value of the 
reference level, : 
The circuit includes an inexpensive sync separator circuit. 


FIGURE 1 — MC1331P BLOCK DIAGRAM 


AFT : 
4.5 MHz Sound Carrier 45.75 MHz 
Tank Circuit Output , Tank Circuit 


Voitage 


Regulator 


E Positive : 
. ‘ Shee Video Output 
F Video Video 
Sound Input o Detector ceca! se . Amplifier 
11 : Negative 


Video Output 
Sync Separator : : Syne Guarana : . 
MOSS Separator | sO Protection 
, Circuit 
oo : 413 Ge 


614 


Sync Separator . ; : ; Video IF ‘ ee : 
Output — Inputs NOTE: See Figure 2 for External Component Values 
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(MC1331- 


MAXIMUM RATINGS 


CT sneer eel ee ae , 
ieee ee 
esinam 06 Vee Guipt Gunene —P t 


Power Dissipation @ Tp = sigh 1.2 Watts 
10 mW/9c 


Derate above sane 


Siciase Temperature Range ; -65 to +150 


ELECTRICAL CH ERACTERISTICS Wee = +12 Vdc, Q = 20, fe = 45 MHz, Ta = 25°C unless otherwise noted.) 


7 


Video Output Transfer Gain (Figure 3) 
(Vpin 13 = 60 mV(rms) @ 45.75 MHz) 
High Frequency Video Output Voltage Swing (@ 4.5 MHz) 
(Vein 13 = 60 mMV(rms) @ 45.75 MHz), (Vpin 14 = 30 MV(rms) 
@ 41.25 MHz) 


RF Rejection 
(VPin 13 = 60 wav lees) @ 45.75 MHz) 


Maximum Signal! Output 
(V9, See Figure 3) 

Available Positive Video Output Swing 
(VPin 12 — Vp; 


AFT Output Voltage Sa 


Transter Function Negative Offset Voltage (Figure 4) 
(Vin = Oto 5mvV) 

4.5 MHz Sound Detector Conversion Gain (BW = 200 kHz) 
(Vpin 13 = 60 mV(rms) @ 45,75 MHz), (Vpin 11 = 5 mMVirms) 
 @ 41.25 MHz} 


Sync Separator Voltage Swing 
(Voc — VPin 2. !Pin 3 = 50 HA) 


FIGURE 2 — TEST CIRCUIT SCHEMATIC 
r 45.75 MHz~-_— 


C1 33pF : Tank 
C2. 150 pF : 50 uA Syne Saadeh crea a 
L1 71/2 Turns AWG #22, Input utput | ° cc 


Core -3/8” Carbony! E Materia! 
L2 40 Turns AWG #36 . 
Core -1/2” Carbony! E Material 


t 
1 
( 
1 10k 
' i 


45.75 

MHz 
Signal 

Generator 


O Positive Video Output 
MC1331P 


Negative Video Output 
41.25 peers - 


MHz 
Signal. 


Generator 


ALIGNMENT PROCEDURE: 


L1 With 60 mV (RMS) @ 45.75 MHz input @ Pin-13, the ec ce” AFT Output 
output of Pin 5 Is monitored and L1 core is adjusted. . L2 With 60 mV (RMS) @ 45.75 Aes input at-Pin 13, and 
for minimum de @ Pin 5. This is equivalent to maximi- _ 8 mV(RMS) @ 41. 25 MHz @ Pin 11, the ac output 


zing the video output (4P5V). | voitage-on Pin 9 is monitored. L2’core..is adjusted for 
. ‘ maximism 4.5 MHz output @ Pin 9. 
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-MC1331 


’ 


Pin 5, QUTPUT VOLTAGE (Vdc) an 


DESIGN CHARACTERISTICS (Vcc = +12 Vdc, Q = 20, fo = 45 MHz, Ta = 25°C unless otherwise noted.) 


input Resistance 
Input Capacitance 


Differential Gain @ 3.58 MHz 
Differential Phase @ 3.58 MHz 
920 kHz Beat Output (Below 100% Modulated Video) (1) 
(45.75 MHz = Reference) : 
(42.17 MHz = -6.0 dB) 
(41.25 MHz = ~20 dB) 


Video Output Supply Rejection : 
(d Pin 5. Vo/d Voc) 
Carrier Rejection (Sound Channel) , 


Modulation Rejection in AFT Output 
(1 kHz Sideband) - 


(1) Undesired beat product between 42.17 MHz subcarrier (-6'dB) and the 41.25 MHz soundcarrier (-20 dB) 
relative to the 3.58 MHz output. Carrier levels are relative to the 45.75 MHz carrier. : 
(2) Residual at 90% double sideband modulated at 1 kHz on 45.75 MHz video carrier. 


TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 3 — OUTPUT VOLTAGE TRANSFER FUNCTION ‘FIGURE 4 — OUTPUT VOLTAGE TRANSFER FUNCTION 


C2 ca al 
TN 


Negative 0 ffset 


ee 
Baier 
aS 


Be Se ee oe 
(ee ae Ee SS ee ee ee 


; : J 0 10«20«=~-.«30 «6«400©65006 660060 07000 80 0 9010 
Pin 13, 45.75 MHz INPUT (mV(RMS)) : : Pin 13, 45,75 MHz INPUT (mV(RMS)) 


Circuit diagrams utilizing Motorola products are included asa means is believed to be entirely reliable. However, no responsibility is 
of illustrating. typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under. the patent rights of Motorola Inc. or others. 
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MC1331 


TYPICAL CHARACTERISTICS - 


FIGURE 5 — SOUND DETECTOR OUTPUT . FIGURE 6 — SOUND DETECTOR OUTPUT versus 
 versusPin 13 VOLTAGE — : Pin 11 VOLTAGE 


a 
an 
PA 


Pin 9, 4.5 MHz OUTPUT {mV-RMS} 
Pin 9, 4.5-MHzQUTPUT (mV-RMS) 


05 10°20 44609 '10 20 50 100 200 0 10 20 30 40, 50 60 70 80 90 10 
‘Pin 13, 45.75 MHz INPUT (mV-RMS) oe Pin 11, 41.25 MHz INPUT (mV-RMS) 
FIGURE 7 — VIDEO OUTPUT RESPONSE FIGURE 8 — VIDEO OUTPUT PRODUCTS 


45.75 MHz Input = 25 mV(RMS) 

42.17 MHz Input = 12.5 mV (RMS) 

41.25 MHz Input — Reiative to 
45.75 MHz Input 


pet rewire [ 
Fi el 


0 10 20 30 40 5.0 80 90 10 
sinesiolariiy keto _ RELATIVE 41.25 MHz INPUT LEVEL (dB) 


+ RELATIVE ATTENUATION (dB) 


FIGURE 9 — VIDEO !F APPLICATION CIRCUIT 


24v AFT 
Vee ¢ 330 Carrier 


. O~ O 8.2 | 
BF k 0.005) 
14 uF 
O.OOINE +4 MPS-A20| — 
5 pF ‘ {trg-a2¢ 
o 0.1 iF 


61 . 69 270 
82 : 
L3 pF 0.001 BF 3k. 
-0.001 x : ‘ia ; nos 301 PS eS 
F 1 1/8” : “OF 
. T k i Ree oe Prt LasMaz} of | pen-----s- 7.2V 
+ ots ; : = & = ant - = 6 ~™, fee 
~ acc 0.001 pF 4 4 ) fey Sound ; ; Video | | 
Turns Turns - “ Output o 
T1 windings #26 AWG tinned L1 Coilcraft unicoil or t- -form, L2 Coilcraft T-form, 40 turns L3 Coilcraft unicoil, 5-1/2 turns 
nylon acetate wire. 7-1/2 turns of AWG #22, of AWG #36. core ~ 1/2 inch "of AWG #22, Core — 3/8 inch 


Cores 3/8’' — Carbony! E Material core — 3/8 inch Carbony! E .Carbony! E Material _~ Carbony! J Material 
, Material . 
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Mc1331 


APPLICATION INFORMATION — 
(For further information, see AN-751) 


The video 'F amplifier shown in Figure 9 provides 
excellent system performance required in TV receivers. 
Typical L-C input selectivity and trapping network may be 
added or the selectivity element could be a block filter. 
The system shown has again in the video channel of 85 dB, 
measured from the input of the MC1349. The unique 
interstage shown eliminates the previous performance 
trade-off between adequate 41.25 MHz rejection in the 
video channel and sufficient 4.5 MHz detection for good 
sound performance. Figure 4 shows the interstage response 
of double tuned transformer T1 and the 41.25 MHz take- 
off circuit. The 41.25 MHz rejection in the video channel 
is 10 dB. With a total sound carrier attenuation of 26 dB 
inthe video channel, the 920 kHz rejection of the MC1331 
is in excess of 40 dB. The output from the sound detector 
is greater than 5 millivolts, sufficient to maintain the 
sound {IF system in hard limiting. 


The alignment of the system is similar to that previously 


‘used in the MC1330 operation. A signal, comprised of a 


500 mV/Div. 


45.75 MHz carrier, modulated with video sweep informa- 
tion, provides the simplest alignment. The detector coil, 
L1, is peaked for maximum detected de with the unmodu- 
lated carrier. Then the video sweep modulation is applied 
and the interstage and possible input circuits are aligned. 
The 41.25 MHz trap coil, L3, is then adjusted temporarily 
for. minimum 41.25 MHz. The output of the sound de- 
tector is then monitored (Figure 5). The 4.5 MHz coil, 
L2, is aligned for maximum. output. The trap coil, L3, 
can thén be optimized for maximum 4.5 MHz output. — 
Note: A-normal IF sweep generator, essentially an'FM 
generator, will not serve properly without modification. 
The detector tank attempts to ‘follow’ the sweep input 
frequency, and results in variations of the switching carrier 
amplitude in the detector. Hence, the apparent overall 
response becomes modified by the response of the detector 
tank circuit. This does not occur when a normal video IF 
signal is applied, as a true fixed carrier is available to “lock” 


, FIGURE 10 — VIDEO CHANNEL OUTPUT — PIN 5 


1.0 MH2/Div. 


50 mV/Div. 


t 


the detector tank circuit. . 


This effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweep generator 
at approximately 6 dB greater than the sweep amplitude. 

The circuit described in Figure 12 is capable of providing 
the high performance required of quality TV receivers. 
The sound IF carrier (41.25 MHz) is separated from the 
video !F information early in the system, avoiding. inter- 
modulation in the video channel and any degradation of 
the sound noise figure performance. The signal.is recom- 
bined in the MC1331 for normal intercarrier demodulation. 
The separate 41.25 MHz amplifier has 40 dB voltage gain, 
sufficient for driving the sound detector, which provides 
at. least 5 millivolts of 4.5 MHz with normal picture 
carrier to sound carrier ratios. The L3 circuit Q is approxi- | 
mately 20 (see Figure 12), narrowing slightly at maximum 
gain; this requires alignment of this sound amplifier at 
maximum gain. 

The video channel’ incorporates the MC1352, which 
includes the AGC function. The AGC for the sound ampli- 
fier is derived from Pin 14 of the MC1352. Inset parti-. 
tioning which includes a separate AGC-syne circuit (jungle) 
the amplifier could be the MC1349. The circuit shown has 
g0 dB gain, including the block filter insertion loss of 
15 dB. The video response, shown in Figure 14, is mainly 
determined by the bandpass filter; which could be an 
acoustic surface wave filter as shown, a block L-C filter, or 
a discrete component L-C network. The pre-amplifier is 
included ‘to improve the noise figure of the system, and to 
provide isolation of the 41.25 MHz trap from the biock 
filtering. The interstage is‘broad tuned with fixed chokes. 
Since the system includes high attenuation of the 41.25 
MHz, the detector coil (L410) could be heavily damped, 
i.e., Rd = 2 kQ, allowing for the possibility of pre-tuning 
the detector coil. This will show a slight degradation of 
beat product rejection as shown-in Figure 4, The detector 
alignment is the same as described. 


. FIGURE 11 — SOUND CHANNEL OUTPUT — PIN 9. — 


.O MHz/Div. 
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COL 


WwW 


S VIOHOLOW 


Qua 


"2uy SIINPOsd 10392Npuo 


t1 


u1 
42 


L3. 


L4 


L5,L6, 
L7,L8 


L9 


"10 BH Choke = 


tt 


0.0015 uF 
i 
27 12 ‘ 
: SAWF 


MPS:H34- 
2.7k 
"41.25 MHz 
Trap 
+24 OVecc 
Pin 14. 3.6 k 
0.001 ¢ mc1352 
jr 


Amplifier 


"400 pF |. L [ 41.25 MHz 


MPS-H32 


001 uF 


: 


9% Turns, AWG #18 Copper Wire 
PAUL SMITH CO Coil Form SK308 10 
3/8'' 10-32 Core Carbonyl J Material 
4% Turns, AWG #22 Copper Wire 
PAUL SMITH CO.'Coil Form SK478 . L411 
3/8’ 10-32 Coré — Carbony!t E Material 
21 Turns, AWG #36 Copper Wire Over 
3.3 kl Resistor, 1/2 W> - L12 
0.47 HH Choke 
8 Turns, Center Tapped, Air Core 
AWG #36 Single Cel! Copper Wire L13 
40 Turns, AWG #36 Copper Wire — 
PAUL SMITH CO. Coil Form EF 186 
3/8" 10-32 Core — Corbonyl E Material 


0.001uF 


LEeLOW 


FIGURE 12 — APPLICATION CIRCUIT USING MC1352 
~8 V Put O 9O+24V S 
ats *24V ce 330 4.5MHz AFT 45.75 MHz *249 Vcc 
MPS-H32 33 pF 
AGC 
0.25] 820 
uF . 
= Rd = 10k 
Ls 99 149 a 
MPS6521 Sauk 


1 
O 
MC1352 
O 
L6 


330 (Ke am 


0.001 wr 


1SpFT 129139 b6¢ 
: : ; Video 
0.001 6.38 Output 
RE k 
Taos fe 
=> « 
Tuner ce om 
AGC Tuner a 
Delay 2 
*240Vec 
AFT 
Output 
0.001 uF 
Pins 
“ 0.001nF 
7% Turns, AWG #22 Copper Wire MC1331 ade 
| PAUL SMITH CO. Coil Form SK-478 ral 


3/8'' 10-32 Core ~ Carbonyl! & Material , geo  ~ 22 
31/6 Turns, AWG #20 Copper Wire 

COILCRAFT T-Form [Start at Pin 3(MC1364)] 

3/8’ 10-32 Core ~ Carbony! T Material 

21/3 Turns, AWG. #20 Copper Wire 

Over Bottom End of L11 [Finish at Pin 9 (MC 1364)] 

3/8'' 10-32 Core — Carbony! T Material 
31/6 Turns, AWG #20 Copper Wire 
Center Tapped. 


3/8" 10-32 Core — Carbony! T Material - 


MC1331 


FIGURE 13 — SOUND CHANNEL OUTPUT FIGURE 14 — VIDEO CHANNEL OUTPUT 


50 mV/Div 
50 mV/Div. 


0.5 MH2/Div 1.0 MH2z/Div 


FIGURE 15 — CIRCUIT SCHEMATIC ; 


R35 
300 


Q52 


R43 sR44sR45 
2.5 k £1.0k{ 500 


R38} R41 
27k) 1.5k 


023 — ae 
R18 - R39 ? 
150 300 

ae 614 . + 1 


O13 = 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1344P - 0°C to +70°C Plastic DIP 


Mc1344 


TV SIGNAL PROCESSOR : TV SIGNAL 
PROCESSOR 


) | : ; SILICON MONOLITHIC 

. . a monolithic TV circuit with sync separator, advanced noise INTEGRATED CIRCUIT 

inversion, AGC comparator, and versatile RF AGC delay amplifier : 
for use in color or monochrome: TV receivers. 


Video Internally Delayed for Total Noise Inversion 
Low Impedance, Noise Cancelled Sync Output 
Refined AGC Gate 
Small IF. AGC Output Change During RF AGC Interval 
Positive and Negative Going RF AGC Outputs 

" Noise Threshold May Be Externally Adjusted 
Time Constants for Sync Separator Externally Chosen 
Stabilized for +10% Supply Variations : P SUFFIX 


PLASTIC PACKAGE 
CASE 646 


FIGURE 1 — TYPICAL MC1344 APPLICATION CIRCUIT 


6.002 uF 470 220 +18 Vde 


WV 


= ; AUXILIARY VIDEO 
0.001 uF zee BU glove 


Flovi_- — ——- 


b, 33 6 . PRIMARY VIDEO aR SSIEC 
AND SOUND OUTPUT ; 
IE INPUT | 3 : < 
MC1350 4 7 
: . wl 6 Lae 
; “TURNS 4 
59 69 79. 89 


All windings #30 AWG tinned nylon acetate 

wire tuned with high permeability. cores. 

Complete transformer is available from 
Coilcraft, Type R4786. 


Li 
3" 


, (ea 
+18 Vde a a 
| ae | 
KEYING INPUT 16 


“OV. PULSE L1 wound with #26 AWG tinned nylon 


SYNE OUTPUT acetate wire tuned by distorting winding. 


[sowie [sme | oo 
32 


RF 
AGC. 
TO TUNER 
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MC1344 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Tp = +25°C 


Positive RF AGC Voltage Range 

Positive RF AGC Minimum Voltage 

Negative RF AGC Voltage Range 

Negative RF AGC Maximum Voltage 

Total Supply Current, lg (Circuit of Figure 1) 


NORMAL SYNC 
SEPARATION NETWORK 


MC 1344 


TEST CIRCUIT FOR AGC 
AMPLIFIER MEASUREMENTS 


NEGATIVE 
RF AGC 


+18 Vde 


POSITIVE 


47x RFAGC 


VARIABLE 


SUPPLY IF AGC 


7-65 


‘ORDERING INFORMATION 


Device |§ Temperature Range Package 
MC1349P 0°C to +70°C Plastic DIP 


MC1349P - 


IF AMPLIFIER 


SILICON MONOLITHIC 


IF AMPLIFIER INTEGRATED CIRCUIT 


. an integrated circuit featuring wide range AGC for use as an 


IF amplifier in radio and television applications over the temperature 
range 0 to +70°C. 


@ Power Gain — 60 dB typ at 45 MHz (pin 3 open) 

~ 56 dB typ at 58 MHz (pin 3 open) 
— 61dB typ at 45 MHz (pin 3 bypassed) 
— 59 dB typ at 58 MHz (pin 3 bypassed) 

AGC Range —.80 dB typ, de to 45 MHz 

High Output Impedance . 

Low Reverse Transfer Admittance 

15-Volt Operation, Single-Polarity Power Supply 

Improved Noise Figure versus AGC 


PLASTIC PACKAGE 
CASE 626 


FIGURE 1 — TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 


+18 Vide 
. 18 V 
sina : AUXILIARY VIDEO 


OUTPUT 
= 0.002 uF 14V 


PRIMARY VIDEO 
AND SOUND OUTPUT 


MC 1349P . MC1330A 1/2P 


AFT OUTPUT 


22 Va ~~ 3 af 
TURNS TURNS : 
Alt windings #22 AWG tinned nylon ; Ly wound with =26 AWG tinned nyton 


#10 


acetate wire tuned with Coitcraft #61 
stugs, size 10-32, or equivalent. 


*See Note 1 (page 3), and C4, Parts List (page 4) of this specification. 


acetate wire tuned by distorting winding. ; 
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MC1349P 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted). 


Output Supply Voltage (Vcc) 


+18 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Ta = +25°C 


Storage Temperature Range ; ~65 to +150 "Cc 


ELECTRICAL CHARACTERISTICS (Vec1 = +12 Vde [pin 2], Vecg = +15 Vde [pins 1 and 8], Ta = +25°C unless otherwise noted.) 


AGC Range, 45 MHz (5.0 V to.7.5 V) (Figure 3) 


Power Gain (Pin 5 grounded via 5.1 kQ resistor, input pin 4) 
f = 45 MHz, BW (3 dB) = 4.5 MHz, Tuned Input, pin 3 open 
Untuned Input, pin 3 bypassed 
f = 58 MHz, BO (3 dB) = 4.5 MHz, Tuned Input, pin 3 open - 
Untuned Input, pin 3 bypassed 


Maximum Differential Output Voltage Swing G 
Output Stage Current (pins 1 and 8) 


-Amplifier Current (pin 2) 


Power Dissipation 


Ofse Figure . 
f = 45 MHz, Tuned Input, pin 3 open, Gain Reduction = 15 dB 


DESIGN PARAMETERS (Voc1 = +12 Vde, [pin 2], Vocg = +15 Vdc, [pins 1 and 8], Ta = +25°C unless otherwise noted.) 


he ee een ne eed 
Single-Ended Input Admittance, input pin 4, AGC min 

Pin 3 open , 

Pin 3 open 

Pin 3 bypassed 

Pin 3 bypassed 


Differential Output Admittance, AGC max 


Forward Transfer Admittance 
Magnitude, pin 3 open mmhos 
Angle (0 dB AGC), pin 3 open degrees 
Magnitude, pin 3 bypassed mmhos 
Angle (0 dB AGC), pin 3 bypassed degrees 


Single-Ended input Capacitance, AGC min 
Pin 3 open ; *? 
- Pin 3 bypassed 
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MC1349P 


FIGURE 2 — CIRCUIT SCHEMATIC 


INPUTS 


GENERAL INFORMATION : , 

The MCi1349P is an improved version of the MC1350P. ‘Fea 
turing. higher gain, a lower noisé figure, and greater AGC range; 
in addition, an emitter of the input amplifier is availabl€ for by- 
- passing. This provides a tow input impedance with good gain, 
useful for untuned input configurations. . : 

Both. input and output IF amplifier sections are gain-controlied 
in the MC1349P, with the input amplifier also serving as an AGC 
amplifier for the output section. During the initial part.of AGC 
gain reduction, the gain of the input amplifier decreases only a 
few dB while the output section decreases: 15 dB; further AGC 
acts upon the input section. Although the gain reduction curve 
was taken with 5.1 kilohms at pin 5, higher series resistance can 
be used. to reduce the voltage and temperature sensitivity of the 
AGC. Pin 5 currents are shown on the AGC curve, see Figure 10. 

In use, it is important to bypass pin 2, both for IF frequencies 


N 


al x 
“900 4.2 
iz | 
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Vec1 
Y 2 
O08 
OUTPUTS 
O1 
i Q20 (-) 


180 


\ 


and for low frequencies, (as shown in. the test circuits). This is © 
due to the dual function of the input amplifier. 1f replacing MC- 
1350P take precaution not to ground pin 3, (not used in the 
MC1350P). Due to the significantly higher gain of the MC1349P, 
extra care in layout should be exercised. 


NOTE 1: The references to bypasses at pin 3 do not give specific 
values (C4, see Figures 1 and 4). In all cases, measure- 
ments were taken with a bypass at a standard value as 
near as possible to series resonance. The values are de- 
pendent on test frequency and circuit layout. . Fully 
bypassing pin 3 reduces the input signal handling capa- 
bility before distortion from over 100 mV(RMS) to 
approximately 25 mV(RMS). .C4 = 0.002 uF at f = 45 
MHz is a typical value for printed circuit applications. 


MC1349P - 


TEST CIRCUITS 


FIGURE 3 — TUNED INPUT 


(PIN 3 OPEN) 


03 


| : 3 
| : 

Cp 2.0 pF Cp Cp 
| ty o° ve 
| 
| 
| 


O2 9 p : 
Ry, = 502 
l T1 | 6) 
MC1349P Cp fe 
| _ 
el by a oe 


Vacc . 
FIGURE 4 — UNTUNED INPUT 
(PIN 3 BYPASSED TO GROUND) 
Vec1 Vec2 
Lp “@+12vV +15V 
c4 


| 
| 
| | 
Cp | 5 ~ 
| | 
lo 


is a per . 


ried Gee 


O04 03 O 
R_ =502 
7 T1 | 7 
©) 
> 50 
° e O 07 O | 
. ol Cc 
S.1k e | : 
VaGc : 
: PARTS LIST , 
COMPONENT | 25 Mnz | 68 MHz | beet 
: 2 Tt. Primary 14 turns center-tapped 
50-100 pF Secondary 2% turns (45 MHz tuned input 


3-35 pF 
1-7.0 pF 
82-470 pF 


0.001 uF 
0.33 wH 
10 BH 


pin #3 open) 1% turns (all 
other fixtures) wound over 
; primary : 
Wire: #26 AWG tinned nylon acetate wound 
on 1/4” diameter coil form 
Core: Arnold Type TH, 1/2’ tong or equivalent. 


iy21 | MAGNITUDE OF FORWARD TRANSFER 


y11; INPUT ADMITTANCE (mmhos) 


 NGISE FIGURE (dB) 


ADMITTANCE. (mmhos) 


-MC1349P 


TYPICAL CHARACTERISTICS | 


FIGURE 5 — SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 OPEN) 


ame a 


acaea (MHz) 


FIGURE 7 — SINGLE-ENDED FORWARD 
TRANSFER ADMITTANCE 


1 n 


IS 


Sec dinty (MHz). 


FIGURE 9 — NOISE FIGURE 


slice TA Ae 
———=PIN 3 BYPASSED TO GROUND Be By | 
s\/ 


16 
[teeter YT 
aeRED As" pan al 
12 = 
58 MHz Rg = 50:92 45 MHz Rg = 502 
10 mA Hee oes 
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4.0 
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GAIN REDUCTION (dB) 
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OF FORWARD TRANSFER 
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ADMITTANCE (DEGREES) 


FIGURE 6 — SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 BYPASSED TO GROUND) 


y11, INPUT ADMITTANCE (mmhos) 


FREQUENCY (MHz) 
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FIGURE 10 — GAIN REDUCTION . 
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ORDERING INFORMATION © 
Device Temperature Range Package 
MC1350P ; o°c to +75°C ' Plastic DIP 


MONOLITHIC IF AMPLIFIER 


. .. an integrated circuit featuring wide range AGC for use as an IF 
amplifier in radio and TV over the temperature range 0 to +75°C, 

~ The MC1352 is similar in design but has a keyed-AGC amplifier as an 
integral part of the same chip. , 


©@ Power Gain — 50 dB typ at 45 MHz, 
— 48 dB typ at 58 MHz 


® AGC Range — 60 dB min, dc to 45 MHz 


®@ Nearly Constant Input and Output Admittance Over the Entire 
_AGC Range 


@ y24 Constant (-3.0 dB) to 90 MHz 
© Low Reverse Transfer Admittance — << 1.0 umho typ 
® 12-Voilt Operation, Single-Polarity Power Supply 


MC1350 


Turns 


wl: 

TURNS 
All windings #30 AWG tinned nylon 
acetate wire tuned with Arnold Type 
TH slugs. 
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FIGURE 1 — TYPICAL MC1350 VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 


MC1350 


IF AMPLIFIER . 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


(top view) 


PLASTIC PACKAGE 
CASE 626 


+18 Vde 
18Vi- — —- —— 


AUXILIARY VIDEO an 
OUTPUT 
WVRP——-—— 4 


PRIMARY VIDEO 
AND SOUND OUTPUT 


MC 1330 


AFT OUTPUT 


Ly wound with #26 AWG tinned nylon 
acetate wire tuned by distorting winding. 


MC1350 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Differential input Voltage me 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above 25°C 


. | Operating Temperature Range : 


AGC Range, 45 MHz (5.0 V to 7.0 V) (Figure 1) 


Power Gain (Pin 5 grounded via a 5.1 kQ resistor) 


f = 58 MHz, BW = 4.5 MHz See Figure 5 
f = 10.7 MHz, BW = 350 kHz See Figure 6 
f = 455 kHz, BW = 20 kHz 9 
Output Stage Current (Pins 1 and 8) 14 +1g 
Totat Supply Current (Pins 1, 2 and 8} 
nner EE = LI Ld 
Single-Ended Input Admittance ee 
Differential Output Admittance 30 
390 
Output Admittance Variations with AGC 4922 0 
(0 to 60 dB) 4b22 90 
Forward Transfer Admittance 
Magnitude 
Angle (-30 dB AGC) . 
Single-Ended Input Capacitance 


f = 45 MHz, BW = 4.5 MHz 
Maximum Differential Voltage Swing Vo i 
0 dB AGC 20 
-30 dB AGC 8.0 
Power pissyaton 
. esd 0.5 
2.75 
Input Admittance Variations with AGC 4911 
(0 to 60 dB) , Ob44 
4 
Reverse Transfer Admittance (Mognitude) | vi2! << 1.0 <<1.0 << 1.0 <<1.0 
Angle (0 dB AGC) 
Differential Output vievambbacid 


FIGURE 2. ~- TYPICAL GAIN REDUCTION FIGURE 3 3 — NOISE FIGURE 
(Figures 5 and 6) (Figure 5) 


GAIN REDUCTION (d8) 
NOISE FIGURE (dB) 


Vasc) aie GAIN REDUCTION (dB) — 
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MC 1350 - 


GENERAL OPERATING INFORMATION 


The input amplifiers (Q1 and Q2) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac) with identical results. Terminals 4 and 6 may be driven 
from a transformer, but a dc path from either terminal to ground 
is not permitted. : 

AGC action occurs as a result of an increasing voltage on the 


base of Q4 and Q5 causing these transistors to conduct, more . 


heavily thereby shunting signal current from the interstage ampli- 
fiers Q3 and Q6. The output amplifiers are supplied from an active 
current source to maintain constant quiescent bias thereby holding 
output: admittance nearly constant. Collector voltage for the out- 

put amplifier must be supplied through a center-tapped tuning 
coil to Pins 1 and 8. The 12-volt supply (V+) at Pin 2 may be used 
for this‘ purpose, but output admittance remains more nearly con- 
stant if a separate 15-volt supply (V*+*) is used, because the base 
voltage on the output amplifier varies with AGC bias. 


FIGURE 5 — POWER GAIN, AGC and NOISE FIGURE TEST CIRCUIT 


(45 MHz and 58 MHz) 


0.001 uF 


0.001 uF 


Connect to ground for maximum power gain test. 
All power-supply chokes (Lp), are self-resonate at 
input frequency. Lp 2 20k2 
See Figure 10 for frequency response curve. 


L1@ 45 MHz=7 1/4 Turns ona 1/4” coil form. © 
@ 58 MHz = 6 Turns ona 1/4” coil form 
Ty Primary Winding = 18 Turns on a 1/4” coil form, center-tapped 
Secondary Winding = 2 Turns centered over Primary Winding @ 45 MHz 
='1 Turn @ 58 MHz ; 
Slug = Arnold TH Material 1/2” Long 


Le 
Pi een [ost | oa | ost 
a 
[cg {  8-60pF 8 85 
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“INPUT AMPLIFIER SECTION ” 


Input 


Rs = 5022 


VaGC* 


*Grounded for maximum 
power gain. = 


Note 1. 


Note 2. 


AGC AMPLIFIER SECTION | : 


FIGURE 4 — CIRCUIT SCHEMATIC 


BIAS SUPPLIES OUTPUT AMPLIFIER, sécTION 


FIGURE 6 —. POWER GAIN and AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 


ae 12 


MC1350P 


Primary: 120 2H (center-tapped) 

Qy = 140 at 455 kHz 

Primary: Secondary turns 

Primary: 6.0 uH 

Primary Winding = 24 turns #36 AWG (close-wound on 
1/4” dia. form) . 

Core = Arnold Type TH or equiv. , 

Secondary winding = 1-1/2 turns #36 AWG, 1/4” dia. 

(wound over center-tap) 


ratio=13 


| 
Component] 455 kHz] 10.7 MHz | 
1 80—450 pF 
5.0-80 pF 
0.001 uF 
0.05. nF 
36 pF 
0.05 uF 
0.05 uF 
4.6 nH © 
Note 2 


MC 1350 


_ 944.574 (m mhos) 


§22, b29 (m mho) 


TYPICAL CHARACTERISTICS 
(vt =12V, Tp = +25°C) 


FIGURE 8- FORWARD TRANSFER ADMITTANCE 
EEO [Tears 
uae 

a 

\ 

i 


FIGURE 7 — SINGLE-ENDED INPUT ADMITTANCE 
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FIGURE 10 — TEST CIRCUIT RESPONSE CURVE 
FIGURE 9 — DIFFERENTIAL OUTPUT ADMITTANCE : (45 and 58 MHz) 
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’ FIGURE 11 — DIFFERENTIAL OUTPUT VOLTAGE 


__ DIFFERENTIAL OUTPUT VOLTAGE (VOLTS) 


GAIN REDUCTION (dB) 


For additional information see “A High-Performance Monolithic — 
IF Amplifier incorporating Electronic Gain Control”, by W. R. 
Davis and J. &. Solomon, IEEE Journal on Solid State Circuits, 
December 1968. 


TIS 


Ly21 (DEGREES) 


ORDERING INFORMATION - 
Device Temperature Range. Package 


MC1351P 0°C to +75°C Plastic DIP 
MC1351PQ 0°C to +75°C Plastic: 


MC1351 


TV SOUND CIRCUIT 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


WIDE-BAND FM-AMPLIFIER; LIMITER, DETECTOR, 
ue AND AUDIO AMPLIFIER 


. . . designed for IF limiting, detection, audio preamplifier and driver 
for the sound portion of a TV receiver. : 


Excellent Limiting with 80 uV(rms) Input Signal typ 
Large Output-Voltage Swing — to 3.5 V(rms) typ 


e 

a P SUFFIX 
® High IF Voltage Gain — 65 dB typ 

. 

e 

e 


PLASTIC PACKAGE 
Zener Power-Supply -Regulation Built-In CASE 646. 
Short-Circuit Protection 


A Coincidence Discriminator that Requires Only One RLC Phase 
Shift Network. 

Preamplifier to Drive a Single External-Transistor Class-A Audio- 
Output Stage , 


PQ SUFFIX 
PLASTIC PACKAGE 
CASE 647 


‘BLOCK DIAGRAM 


cea ra 
909 t4¢ 
PHASE SHIFT (EXTERNAL) 
(EXTERNAL) X AL 
pes | 


LIMITING lL. ams (alae ae aa 
AMPLIFIER 
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‘MC1351 


MAXIMUM RATINGS (Ta = +25° unless otherwise noted) 


Power Supply Voltage 
Input Voltage 


Power Dissipation (Package Limitation) 
Plastic Packages 


Derate above +25°C 


Operating Temperature Range 
Sie Temperature nike 


Input oltage (-3.0 dB Limiting) 


AM Rejection (Vj, = 20 mV(rms), AM = 30%) (See Note 1) 
Vorm § f= 4.5 MHz, Deviation = +25 kHz, Q = 24 
Ka subliinadi is reve de Some wetitere ian he: Q, = 30 


Total Harmonic Distortion (Q, = 24) (See Note 1). 
(7.5 kHz Deviation) 


Maximum Undistorted Audio Output Voitage (Pin 10) (See Note 1) 
‘(Audio Gain Adjusted Externally) (Q = 24) 


Recovered Audio (Pin 2) (See Note 1) 
(f = 4.5 MHz, Deviation = +25 kHz, Q, = 24) 
(f = 5.5 MHz, Deviation = +50 kHz, Q,_ = 30) 


IF Voltage Gain 

Parallel Input Resistance 

Parallel Input Capacitance 

Nominal Zener-Voltage (Iz = 5.0 mAdc) 


Power Supply Current (Iz = 5.0 mAdc) 


MC1351P, PO 


L = 45-80 «H, (Coil-Craft 01030 or equiv.) 
Q = 60 nom at 2.5 MHz 
Rde = 3.8 ohms 
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MC1351. | os 2 eh 8 


TYPICAL CHARACTERISTICS 


FIGURE 2 — DETECTED AUDIO OUTPUT versus INPUT FIGURE 3 — DETECTED AUDIO OUTPUT versus. INPUT 


LEVEL @ f =4.5 MHz, +25 kHz DEVIATION LEVEL @ f = 5.5 MHz, +50 kHz DEVIATION 
1000 —=——-—-> : 1000 : 
aoe es 
rs es 
aes ee 
en 
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oc ? Qs 
2 os 
Be /| ae 
oa ey ee Sa Og 
Ee fi. | I we 
52 Cofo 53 
us ++ HS 
oh -H Hq re 
ial al ieee 
F faim atiitiammiai ; | 
10 100 10k 10k 10 106 10k 10k 
INPUT VOLTAGE (uVirms}} INPUT VOLTAGE (uV {rms} ) 
FIGURE 4 — DETECTOR “S” CURVE @ f = 4.5 MHz, _ FIGURE 5 — DETECTOR “S” CURVE @ f = 5.5 MHz, 
BW = 200 kHz, OQ = 24 BW = 220 kHz, O = 30 
eens Urevenvarerenverey, 4 
FIGURE 6 — IF VOLTAGE GAIN versus FREQUENCY FIGURE 7 — AM REJECTION 
| ’ TOM Con Co 
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FREQUENCY (MHz) . sr : '” INPUT VOLTAGE (uVirms]) 
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MC1351 


FIGURE 8 — 4.5 MHz TYPICAL APPLICATION 
— 60.aH 140 Vde 


Po = 0.5 Wat 7.5 kHz Deviation 
PQ = 3.5 Wat 25 kHz Deviation 


Ft 


10:1 


1N4004 or Equiv 


MJE340 or Equiv 


VOLUME 
CONTROL 
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ORDERING INFORMATION 


Device Temperature: Range Package 


MC1352P o°c to +70°C Plastic DIP 
MC1352PQ orc to +70°C Plastic 


TV VIDEO IF AMPLIFIER WITH AGC 
AND KEYER CIRCUIT 


. ..amonolithic IF amplifier with a complete gated wide-range AGC 


system for. use as the 1st and 2nd IF stages and AGC keyer and 


amplifier in color or monochrome TV receivers. 


Power Gain at 45 MHz, 52 dB. typ 

Extremely Low Reverse-Transfer Admittance — << 1.0 pmho typ 
Nearly Constant Input and Output: Admittance Over AGC Range 
Single-Polarity Power-Supply Operation ; 


High-Gain Gated AGC System for Either Positive or Negative- 
Going Video Signals 


Control Signal Available for Delayed AGC of. Tuner 


TV VIDEO IF AMPLIFIER WITH 
AGC AND KEYER CIRCUIT 


_ SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P- SUFFIX 
* PLASTIC PACKAGE 
CASE 646 


PQ SUFFIX 
PLASTIC PACKAGE 
CASE 647 


" FIGURE 1— TYPICAL VIDEO IF AMPLIFIER APPLICATION 


Vec 
12 Vde 


RF-AGC 
_TO TUNER ; 
—a-— 63 0.1 pF 


(Note 2) i 39k 


AGC INPUT 
(See Figure ae 


FLYBACK WINDING 


Alt windings #30 AWG tinned nylon acetate 
wire tuned with Arnold Type TH slugs. 


TURNS TURNS 
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QUTPUT 


Li ‘ : 
3" 
ib i Wound with #26 AWG tinned nylon 


mE: acetate wire tuned by distorting 
: 3". winding. 
; 16 


MC1352 


MAXIMUM RATINGS (Voitages referenced to pin 4, ground; TAs +25°C unless otherwise noted) 


[Banal input Vortage Fin Tor 2, etherpin ae aroundea) OV 
5 

__ 

Power Dissipation 6 mW ~ 
[owacmoetarvee | somite 
| | 


AGC Range 


Power Gain 
f = 35 MHz or 45 MHz 
f = 58 MHz 
Maximum Differential Output Voltage Swing 


0dB AGC 
_ ~30 dB AGC 


Voltage Range for RF-AGC at Pin 12 
Maximum 
Minimum ; 


Total Power Dissipation : 


DESIGN PARAMETERS, TYPICAL VALUES (Vcc = 12 Vdc, Ta = +25°C unless otherwise noted.) ; 
Paras Sint roar [tease [fase [Unie 
Single-Ended Input Admittance 0.55 0.70 1.49 
2.25 2.80 3.75 
input Admittance Variations with AGC (0 to 60 dB) 4q41 pmhos 
Abii 
Differential. Output Admittance 922 20 40 75° umhos 
: bo2 430 570 780 — 
Output Admittance Variations with AGC (0 to 60:dB) 4922 3.0 4.0 umhos 
Ab29 80. 100 


Reverse Transfer. Admittance 
mmhos 
degrees 
pF 


Forward Transfer Admittance 
rs ee 


‘Magnitude 260 240 
Angle (Q dB AGC) -73 -100 
Angle (-30 dB AGC) -§2 -72 


Single-Ended. Input Capacitance . “ 
Differential Output Capacitance - 


MOTOROLA Semiconductor Products Inc. 
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‘ 5 
: , : 
FIGURE 2— CIRCUIT SCHEMATIC 
KEYER AND AGC AMPLIFIER , 
. . RF-AGC Amplifier and 
Keying Section : Delay Section 


OTE 
eae 
See 


men 


2 


era 
Rs a 


. 


(F AMPLIFIER 


AGC Controlled Section 


: (AA) MOTOROLA Semiconductor Products Inc. 
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MC1352_ 


. 


FIGURE 3 — POWER GAIN, AGC AND NOISE TEST CIRCUIT 


Vcc 
12 Vde 


AGC 
REFERENCE 
20V lp 


0.001 uF 0.001 pF 0.001 uF 
9.001 uF 0.001 uF AGCINPUT 
0.001 uF i 
-8.0V is 
oak TUNER AGC 
2 AY 
Bi 0.001 nF pel 
* 0.001 uF 
TUNER AGC OUTPUT 


All chokes (Lp) are self-resonate 
at input frequency. Lp 20k¢:. 
See Figure 4 for Response Curve. 


| O4uH [a> 100 
Bette 2100@2uH { 12-3.8nH JO> 10007 4H 


-_ 48-100 pF 
8-60 oF [2-45 pF 


Ll and T1 = #26 AWG Tinned Nylon Acetate Wire. 


L1@ 36 or 45 MHz = 7-1/4 Turns on a 1/4” coil farm 
@ 58 MHz = 6 Turns on a 1/4" coil form 
T1 Primary Winding = 18 Turns on a 1/4" coil torm 
Secondary Winding = 2 Turns Wound Evenly over Primary 
Winding for 35 or 45 MHz and 1 
Turn for $8 MHz 
Slug = Arnold TH Material 1/2” long 


GENERAL OPERATING INFORMATION 


The MC1352 consists of an AGC section and an IF signal 
amplifier (Figure 2) subdivided into different functions as indi- 
cated by the iltustration. 

A gating pulse, a reference level, and a composite video signai 
are required. for. proper operation of the AGC section. Either 
positive or negative-going video may be used; necessary connections 
and signal levels are shown in Figure 1. The essential difference is 
that the video is fed. into Pin 10 and the AGC reference level is 
applied to Pin 6 for a video signal with positive-going sync while 
the input connections are reversed for negative-going sync. 

The action of the gating section is such that the proper voltage, 


FIGURE 4 — TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 


Scale: 1 MHz/cm 


Vc, is maintained across the external capacitor, C2, for a particular 
video level and dc reference setting. The voltage Vc, is the result 
of the charge detivered through D1 and the charge drained by Q1. 
The charge delivered occurs during the time of the gating pulse, 
and its magnitude is determined by the amplitude of the video 
signal relative to the dc reference level. The voltage Vc is delivered 
via the IF-AGC amplifier and applied to the variable gain stage of 
the IF signal amplifier and is also applied to the RF-AGC amplifier, 
where it is compared to the fixed RF-AGC delay voltage reference 
by the differential amplifier, Q2 and Q3. The following stages 
amplify the output signal of Q2 and shift the dc levels causing the 
RF-AGC n vole to vary. ; 


The pee amplifiers (Q4 and QS) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. !nput signals may be applied single-ended or differentially 
(for.ac). Terminals 1 and 2 may be driven from a transformer, but 

- adc path from either terminal to ground is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of Q6 and Q7 causing those transistors to conduct more heavily 
thereby shunting signal current from the interstage amplifiers Q8 - 
and Q9. The output amplifiers are fed from an active current 
source to maintain constant quiescent bias thereby holding output 
admittance nearly constant. 


\ 


NOTES: 


1. The 12-V supply must have a low ac impedance to prevent low- 
frequency instability in the RF-AGC loop. This can be achieved 
by a 12-V zener diode and a large decoupling capacitor. (5 F). 


2.. Choices of C1, C2 and C3 depend somewhat on the set designers’ 


preference concerning AGC stability versus AGC recovery speed: 
Typical values are C1 = 0.1 uF, C2 = 0.25 uF, C3 = 10 pF. 


3. To set a fixed IF-AGC operating point (e.g., for receiver align- 


ment) connect a 22 kQ resistor from pin 9 to pin 11 to give mini- 
. mum gain, then bias pin 14 to give the correct operating point 
using a 200 k2. variable resistor to ground. 


4. Although the unit will normally be operating with a very high 


power gain, the pin configuration has been carefully chosen so 
that shielding between input and output terminals will not 
normally be necessary even when a standard socket is used. 


FIGURE 5 — TYPICAL AGC APPLICATION CHART 


Video Pin & Pin 10 Pin 5 
Polarity _ Voltage Voltage R1 (2) 


Adj. 1.0—4.0 Vdc 
Nom 2.0 Vv 


Positive- Adj. 1.0-8.0 Vdc 
Going . — 
Sync. Nom 4.5 V 


(AA) MOTOROLA Semiconductor Products Inc. 
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911,74 (mmhos) 


iF GAIN REDUCTION (48) 


; = oe Ti rier re Eeig 6.0. - = ae 75 


lya1 MAGNITUDE (zmho) 


~ MIC1352_ 


TYPICAL CHARACTERISTICS 
(Voc = +12 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 6 — SINGLE-ENDED INPUT ADMITTANCE 


40 «60 70 
FREQUENCY (MHz) 


FIGURE 8 — FORWARD TRANSFER ADMITTANCE 
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FIGURE 10—- AGC CHARACTERISTICS ; 


88. 8.5 
AGC INPUT VOLTAGE (VOLTS) 


-20 
CHT ete ii acter 40 
mean L 


922, b22 (mmho) 


NOISE FIGURE (dB) 


MOTOROLA Semiconductor Products Inc. 
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4 
Ly21, (degrees) 
DIFFERENTIAL OUTPUT VOLTAGE (VOLTS) 


FIGURE 7- DIFFERENTIAL OUTPUT ADMITTANCE 
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FIGURE 9 — DIFFERENTIAL OUTPUT VOLTAGE 


GAIN REDUCTION (dB) 


‘ FIGURE 11—TYPICAL NOISE FIGURE 
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ORDERING INFORMATION | 
Device Temperature Range Package 


MC1355P 0°C to +75°C - Plastic DIP 
_MC1355PQ 0°C to +75°C Plastic 


LIMITING FM 
IF AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


BALANCED FOUR-STAGE 
HIGH-GAIN FM/IF AMPLIFIER 


. . designed for use with Foster-Seeley discriminator or ratio detector 

in high quality FM systems. 

® High AM Rejection (60 dB typ) : P SUFFIX 

@ Wide Range of Supply Voltages (8 to 18 Vdc). PLASTIC PACKAGE 
* CASE 646 . 

@ Low Distortion (0.5% typ) 


PQ SUFFIX 
PLASTIC PACKAGE 
. CASE 647 , : 


FIGURE A= DUAL MC1355 FM IF APPLICATION 


+15V9 
33 


:= NON-DE-EMPHASIS 
MPS6571 OUTPUT 


7005] | “ oO ) 
= 0 1500'S 8.2 k 
390k S5.1_ AIM 


DE- EMPHASIS 
OUTPUT 


0.01; 6.01} G01] 001 


“Alt other pins grounded 
T-Ratio Darector {input impedance = 1.5 an? G.1. #36231 or equivalent 
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MC1355 


MAXIMUM RATINGS. (Ta = +25°C untess otherwise noted.) 


Output Voltege (pins 7&8) a ce 


Input Signal Voltage (single-ended) 
Input Signal Voltage (differential) 


Power Dissipation (package limitation) 

Derate above Ta = +25°C 
Operating Temperature Range (Ambient) 
Storage Temperature Range : -65 to oe 


ELECTRICAL CHARACTERISTICS (Vcc = 15 Vac, f = 10.7 MHz, Ta = +25°C) 


[ree 
Power Spay Voltage Range 


Total Circuit Current ; 
Total Output Stage Current 


Device Dissipation | omwe 
Internal Zener Voltage | Vde 


| Min _| | Max | 
| 8.0 | | 18 | 
| - | | - i. 
| ia 
P= ees 
| - ae 
Input Signal for 3 dB Limiting | = | 175 | 250 | wVvirms) | 
Prete 


mAdc 


Output Current Swing 


AM Rejection (10.mv to 1.0 v (rms} 
input, FM @ 100%, AM @ BON, Foster Seeley detector) 
Yi 


Admittance Parameters _ 


120 + j320 
j0.6 

8+ 55.9 

15 + j230 


FIGURE 2 — CIRCUIT SCHEMATIC | 


a ay 


"i 0 Vcc 


07 
OUTPUTS 
8 


Pins 2, 3, 6, 9, 12, and 13 are not internally connected a 100 O5 ‘ 
but should be grounded for maximum stability. FEEDBACK <ul 
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MC1355 


- TYPICAL CHARACTERISTICS 


FIGURE 3 — TEST CIRCUIT 


=—4-SSSSS> > oO R4 


110.7 MHz 


RFE INPUT LL T1 {FILTER 
C2 i 
R2 R3 -|- 4 
= Vee = 15 Vde = = 

Ri 820 ohms C1 50 pF D1 Small Signal Germanium Diode ace 
R250 ohms C2 O.OTuF (1N542 or equiv) 
R3 100 ohms T1 10.7 MHz Foster-Seeley Discriminator, 
R4° Skilohms Primary Impedance = 3.9 k Specifications are given for a Foster-Seeley discriminator. |m- 
R512 kilohms Peak-to-Peak Separation = 600 kHz proved AM rejection at low signal levels can be obtained with a. 


ratio detector. 
For optimum circuit stability it is important to ground pins 2, 
3, 4,6, 9, 12, and 13. 


FIGURE 4 — AM REJECTION TEST BLOCK DIAGRAM 


 230-A — HP 340014 
BOOTON 
POWER AMPL. 


OR EQUIV 


HP 10514A 
L MIXER R 
OR EQUIV 


ORF, 
(10.7 MHz) 


OR EQUIV 


MODULATION 
1kHz 


FM 
GENERATOR 


V DIODE BIAS 


FIGURE 5 — LIMITING FIGURE 6 — AM REJECTION 
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MC1355 
TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — OUTPUT DISTORTION ; ‘ -FIGURE 8 — SIGNAL-TO-NOISE RATIO SIGNAL 
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" ORDERING INFORMATION 


Device Temperature Range Package 
MC1356P —25°C to +85°C Plastic DIP 


MCI356P 


FM DETECTOR 
AND LIMITER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


FM DETECTOR AND LIMITER 


... includes a limiting amplifier, a quadrature discriminator, and a P SUFFIX 
PLASTIC PACKAGE 


voltage regulator; and is designed primarily for FM receiver appli- Cage eae 
cations. !t is similar to the MC1357 and includes built-in regulation 
capable of supplying 20 mA to external circuitry. 


Features: 

®@ Good Line and Load Regulation 
Low Harmonic Distortion 
Single Tuning Coil Design 
Direct Replacement for ULN2136 


Line Fiiter 


14.4 Vde 
1000 pF 


: Tis Vde 


MSE2050 


§ ic) or equivalent 
ame 


MJE2150 
or = 
equivalent 


L.1 = Coil Craft Q-1031 (14 wH) Regulated Voltage 
Typical Performance ‘s Ms 20. mA max) | } + i : 0.24 


10 pF 


4 mV rms Input 
S Watts Output 
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MC1356P 


MAXIMUM RATINGS 


Supply Voltage 


Power Dissipation @ Ta = +25°C (Rackage Limitation) | . 1.0 
Derate above 25°C 77 


Operating Temperature Range -25 to +85 
-65 to +150 


} Detector Output Voltage 


Amplifier Input Resistance . : : Tie 2 
Amplifier Input Capacitance ‘ | 4 | = | 70 | 
Amplifier Output Resistance ae 


Regulation Voltage 


DYNAMIC CHARACTERISTICS (FM Modulation Frequency = 1.0 kHz, Ta = 25°C) 
(Voc = 12 Vde, fo = 10.7 MHz, f = +75 kHz) 


araeteritic din inte [Me [Oe] 
AM Rejection , : 36 dB 
(3 dB, Vinny @ 10 mVrms) 
Recovered Audio Output Voltage ee Ge Bae ae 
(Vin, = 10 mV(rms) : ; 
(Vi = 10 mVems) 
Signal to Noise (Vy = 10 mV rms) . aoe oe ee ee 


FIGURE 2 — MC1356P TEST CIRCUIT 


Coilcraft 
Q-1031 


Output O 


E Reg | 
Pwr Sup oa (eal: | a 
' 390 
FM : 2 Max Load 
Zz TR 
‘ 


Detector 


Capacitors C1 thru C5 
are selected for max 
impedance of 1 Ohm at 
10.7 MHz 
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MC 1356P 


FIGURE 3 — AM REJECTION 
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FIGURE 5 — RECOVERED AUDIO OUTPUT 
versus SIGNAL INPUT VOLTAGE 


PUTA CTT 
COCCI Io 


DETECTED AUDIO OUTPUT VOLTAGE (mVrms) 


INPUT SIGNAL VOLTAGE (mVrms} 
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FIGURE 4 — SIGNAL-TO-NOISE RATIO 
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FIGURE 6 — REGULATED VOLTAGE 
versus SUPPLY VOLTAGE 
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Oo 80 9.0 10 11 12 13 14 15 16 17 


MC1356P 


FIGURE 8 — TYPICAL FM RADIO RECEIVER BLOCK DIAGRAM USING MC1356P 
; MC1356P 


[- eee ie 7 z Regulated 


O Voltage 
(8 Vde, 20 mA max) 
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FIGURE 9 — MC1356P TEST CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1357P 0°C to +75°C _ Plastic DIP 
MC1357PQ 0°C to +75°C Plastic 


IF AMPLIFIER 
AND QUADRATURE 
DETECTOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


TV SOUND IF OR FM IF AMPLIFIER 
WITH QUADRATURE DETECTOR 


® A Direct Replacement for the ULN2111A P SUFFIX 


PLASTIC PACKAGE 
CASE 646 


@ Greatly Simplified FM Demodulator Alignment 


@ Excellent Performance at Vcc = 8.0 Vdc 


PQ SUFFIX 
PLASTIC PACKAGE 
CASE 647 


“FIGURE 1 — TV- TYPICAL APPLICATION CIRCUIT 


MC1316 


Typical Perfarmance: ah: Ci= 120 F 
2 Watts Output , Li=14 WH 
2% Distortion R1=20k2 
250 nV Sensitivity (3 dB Lim.) 0=30 
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-MC1357 


MAXIMUM RATINGS ills = +25°C unless otherwise noted) 


Power Supply Voltage 
Input Voltage (Pin 4) 


Power Dissipation (Package Limitation) ; 
Plastic Packages 
Derate above Ta = +25°C 

Operating Temperature Range (Ambient) 


Storage Temperature Range -65 to +150 


ELECTRICAL CHARACTERISTICS Wee = 12 Vdc, Ta= = +25°C unless otherwise noted.) 


< 
re) 


‘| Detector Input Reference Voltage 
Amplifier High Level Output Voltage 
Amplifier Low Level Output Voltage | 
Detector Output Voltage 


Amplifier Input Resistance 
Amplifier Input Capacitance 
Detector Input pease 


DYNAMIC CHARACTERISTICS. (FM Modulation Freq. = 1.0 kHz, Source Resistance = 50 ohms, Ta = +25°C for all tests.) 
(Voc = 12 Vde, fo = 4.5 MHz, Af = +25 kHz, Peak Separation = 150 kHz) 


Virms) 
Virms) 


x 


Output Distortion (Vjp = 10 mV [rms] ) 


AM Rejection* (Vin = 10 mV rms] ) 


input Limiting Threshold Volta ge : = 


Genie eae ae ee 

[AM Rejection* (Vin= 10mVjrms) dT [46 
[input Limiting Threshold Voltage [600 [Teves 
[Recovered Audio Output Voltage (Vig=10mVirmsl) | PT vrs) 
Srpnbeirenl a some Se eee a ae 


*100% FM, 30%. AM Modulation 


MC1357 


. TYPICAL CHARACTERISTICS 
(Voc ='12 V, Ta = +25°C unless otherwise noted) 
(fg = 4.5 MHz) 
FIGURE 2 — AM REJECTION 


REF SIGNAL INPUT 
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AM REJECTION (dB) 
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FIGURE 4 — DETECTED AUDIO OUTPUT 
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FIGURE 6 — DETECTOR TRANSFER CHARACTERISTIC 
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' (Use Test Circuit of Figure 13) 


AM REJECTION (dB) 


DETECTED AUDIO QUTPUT VOLTAGE (V [rms] ) 


(fo = 5.5 MHz) 
FIGURE 3 — AM REJECTION 
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FIGURE 5 — DETECTED AUDIO OUTPUT 
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DETECTOR TRANSFER CHARACTERISTIC 


MC1357 


TYPICAL CHARACTERISTICS (continued) _ 
(fo = 10.7 MHz, Ta = +25°C unless otherwise noted.) 


(Use Test Circuit of Figure 13) : 


FIGURE 8 — AM REJECTION 


qi FO 
Hin) —E 
TM TSS 
an a bgaee Ne 


50 


40 


30 


100% FM, 30% AM 


Ha Tn 
mall ee 
10 
UP TTT Pt 
11a 
1.0 10 


0.5 5.0 100 200 500 
INPUT VOLTAGE (mV [rms] } 


me 


AM REJECTION (dB) 


FIGURE 10 — LIMITING 
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FIGURE 12 — DETECTOR TRANSFER CHARACTERISTIC 
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FIGURE 9 — AFC VOLTAGE DRIFT 
(1.0 mV INPUT CARRIER @ 10.7 MHz) 
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FIGURE 11 = SIGNAL-TO-NOISE RATIO 
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FIGURE 13 — TEST CIRCUIT: 
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unless otherwise noted. 
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_ Note 1: 


‘MC1357 


FIGURE 14 — FM RADIO TYPICAL APPLICATION CIRCUIT 
+12V ‘ 


Q = 20 @ 10.7 MHz 
*L=1.5-3.0uH 


**6 POLE FILTER, 
TRW #25579 OR EQUIV 


Q See Note 2 


AUDIO 
OUTPUT 


FIGURE 15 — OUTPUT DISTORTION 


ee 

Feeds WEEE 

mein —t Mroror td LL 

YT Nees TT 
\ 


Information shown in Figures 15, 16, and 17 was obtained 
using the circuit of Figure 14. 


Note 2: 

Optional input to the quadrature coil may be from either 
pin 9 or pin 10 in the applications shown. Pin 9 has commonly 
~ been used on this type of part to avoid overload with various 
tuning techniques. For this reason, pin 9 is used in tests on the 
preceding pages (except as noted). However, a significant im- 
provement of limiting sensitivity can be obtained using-pin 10, 
see Figure 17, and no-overload problems have been incurred 
with this tuned circuit configuration. 


TOTAL HARMONIC DISTORTION (%) 


30 100 300 1000 
INPUT SIGNAL VOLTAGE (uV [rms] ) za 


FIGURE 16 — SIGNAL-TO-NOISE RATIO FIGURE 17 — RECOVERED AUDIO OUTPUT 
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INPUT SIGNAL VOLTAGE GiV [rms ) ; INPUT SIGNAL VOLTAGE uv ial ) 


7-97 


~MC1357 
FIGURE 18 = pcre SCHEMATIC 


INPUT SIGNAL VOLTAGE (mV) 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1358P —20°C to +75°C Plastic DIP 
MC1358PQ —20°C to +75°C Plastic 


IF AMPLIFIER, LIMITER, 
TV SOUND IF AMPLIFIER ; . FM DETECTOR, AUDIO DRIVER, 
, ELECTRONIC ATTENUATOR 


SILICON MONOLITHIC 


...aversatile monolithic device incorporating IF limiting, detection, INTEGRATED CIRCUIT 


electronic attenuation, audio amplifier, and audio drivér capabilities. 


Direct Replacement for the CA3065 
Differential Peak Detector Requiring a Single Tuned Circuit 


Electronic Attenuator Replaces Conventional ac Volume P SUFFIX | 
Control — Range > 60 dB , PLASTIC PACKAGE 


CASE 646 
Excellent AM Rejection @ 4.5 and 5.5 MHz 
~ High Stability 
Low Harmonic Distortion 
Audio Drive Capability — 6.0 mAp-p 
Minimum Undesirable Output Signal @ Maximum Attenuation EN ee ep.  PQSUFFIX 


PLASTIC PACKAGE 
CASE 647 


FIGURE 1 — TYPICAL TV APPLICATION CIRCUIT 


Vee = 24V 
Rs 

390 

1/2 


vt-11 
VOLUME RS = aqaz (2) 
CONTROL’ : 


SOUND 
TRANSFORMER 2 
QO 


4.5 MHz 
input © 


MC1358P,PO 0.01 pF 
DE-EMPHASIS 


*L1= 16 uH NOMINAL, 
Q(UNLOADED) > 50 


C1 and £2 component values are to be 
selected at the discretion of the designer. 


—MC1358 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted) . 


Rating, ate 
input Signal Voltage (Pins 1 and 2) 
Power Dissipation (Package Limitation) 
Plastic Packages 
Operating Temperature Range (Ambient) ‘ -20 to +75 
Storage Temperature Range ; . ~65 to +150 


Power Supply Current a 
Derate above Ta = +25°C fg 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C unless otherwise noted). 


| Regulated Voltage. teat 


DYNAMIC CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C unless otherwise noted): 


[| Characteristio min te Mex nit 


IF AMPLIFIER AND DETECTOR ; 3 
fo = 4.5 MHz, Af =+25 kHz 


3 


AM Rejection* (Vin = 10 mV [rms] } 
Input Limiting Threshold Voltage 
Recovered Audio Output Voltage (Vj, = 10 mV [rms] ) 


fg = 5.5 MHz, Af =+50 kHz 
AM Rejection* (Vin = 10 mV [rms] } 


Input Limiting Threshold Voltage — - : 
Recovered’ Audio Output Voltage (Vj, = 10 mV [rms] } | 05 | 
Qutput Distortion (Vin = 10 mV [rms] } 


Input Impedance Components (f = 4.5 MHz, measurement between pins 1 and 2) 
Parallel Input Resistance 
Parallel Input Capacitance 
Output Impedance Components (f = 4.5 MHz, measurement between pin 9 and GND) 
Parallel Output Resistance 
Paraliel Output Capacitance 
Output Resistance, Detector 
Pin 7 
Pin 8 
ATTENUATOR 
/ Volume Reduction Range (See Figure 8) 
(dc Volume Control =00) 


Maximum Undesirable Signal (See Note 1) 
(dc. Volume Controi = 00) 


AUDIO AMPLIFIER 
Voltage Gain i 
(Vin = 0.1 Virms), f = 400 Hz) 
Total Harmonic Distortion. , 
| (Vg = 2.0 Virms), f = 400 Hz) 


Output Resistance {f = 400 Hz) 


* 100% FM, 30% AM Modulation. ; : 
Note. 1. Undesirable signal is measured at pin 8 when volume control is set for minimum output. 
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-MC1358 


TYPICAL CHARACTERISTICS 


(fo = =45 MHz) 


FIGURE 2 — AM REJECTION 
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FIGURE 3 — AM REJECTION 
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FIGURE 5 — DETECTED AUDIO OUTPUT 
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ATTENUATION (dB) 


VOLTAGE GAIN (dB) 


- MC1358 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — GAIN REDUCTION OF ATTENUATOR 
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| 

: aac Hit 
‘ OU 


Ma | 
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“ DC VOLUME CONTROL (k OHMS) 


FIGURE 10 —1F FREQUENCY RESPONSE 
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FIGURE 12.— AM REJECTION, DETECTED AUDIO, 
THD, ATTENUATION TEST CIRCUIT 


Voc=24V 


-- AMSIGNAL 
OC VOLUME 


GENERATOR 
(HEWLETT-PACKARD Sf. CONTROL 


WAVE ANALYZER 1. 
(HEWLETT FACKARD 


106A 
OR EQUIVALENT) 


GR EQUIVALENT) 


-} DISTORTION 
ANALYZER 


GENERATOR 
{BOONTON 


TYPE 202H 
oR EQUIVALENT) 
Lt= 


12, 13, 14 no connection. 


Donk aged) > Pins 1 
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- TOTAL HARMONIC DISTORTION (%) 


FIGURE 9 — AUDIO AMPLIFIER THD 
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FIGURE 11 —IF FREQUENCY RESPONSE TEST CIRCUIT 


AF GENERATOR 
(HEWLETT-PACKARD 


OR EQUIVALENT) 


VOLTMET! 
O Boonton Tee Fie 
OR EQUIVALENT) 


{ 


FIGURE 13 — AUDIO VOLTAGE GAIN, 
AUDIO THD TEST CIRCUIT 


AUDIO GENERATOR 
(HEATH TYPE 16-72 
OR EQUIVALENT) 


TYPE 334A 
EQUIVALENT) 


RMS VOLTMETER 
(BALLANTINE 


% OR EQUIVALENT). 
Pins 7, 8, 11,13 no connection. : 


ss 


MC1358 


FIGURE 14 — CIRCUIT SCHEMATIC 


’ : ¥ x 
ELECTRONIC ATTENUATOR BUFFER 
REGULATED POWER SUPPLY . : 49 DC VOLUME © CONTROL 7:9 DE-EMPHASIS 5 O'Vcc 
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] ie I 
| i 
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1 DETECTOR 
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} 8k H I to. 
Le 1 1 1° 
’ ! 
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] Vy rt 
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i i 10k el il 1 
yee ; It 7 : : 
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ORDERING INFORMATION 


Device 
MC1364P 


Package 
Plastic DIP 


Temperature Range 
0°C to +75°C 


TV AUTOMATIC 
FREQUENCY CONTROL 


AUTOMATIC 
FREQUENCY CONTROL. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


® High Gain Amplifier — 18 mV Input for Full Output 


© Direct Replacement for the CA3064 


® Also Available in the 14-Lead Dual In-Line Package 


P SUFFIX 
CASE 646 
" PLASTIC PACKAGE 


FIGURE 1 — TYPICAL APPLICATION CIRCUIT 


FROM 3rd VIDEO IF 
AMPLIFIER 


45.75 MHz 


Circuit diagrams utilizing Motorola products are included as a means 
of jflustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 


necessarily given. The information has been carefully checked and 


10k 
3W 


0.001 uF 


AFC 
OUTPUTS 


“0.001 uF 
1k 


See page 3 of this specification for 
Coil Data (L1, L2, L3). 


is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc..or others. 
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MC 1364 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Input Signal Voltage (Pin 12 to 14) +2.0, -10 p Vde 
Output Collector Voltage (Pins 3 and 14) ae eee ee eee 


20 
Power Dissipation (Package Limitation) 625 i 
Derate above Ta =+25°C 5.0 4 mw/°c 
Operating Temperature Range 
Storage Temperature Range : -65 to +125 


Total Device Dissipation . 


Current Drain, Total - 6.5 mA 
tReduee Voc $0 ik ilo si ae Mas) : ae ae 


Output Offset Vo tage (Pin 5 to Pin 8 =1.0 


Output Admittance (Pin 3) 


TYPICAL CHARACTERISTICS 
(See Test Circuit of Figure 2) 


FIGURE 2 — TYPICAL NARROW BAND : FIGURE 3 — TYPICAL WIDE BAND 
DYNAMIC CHARACTERISTICS : DYNAMIC CHARACTERISTICS 
16 : 
eee 

14 
a a (ee 
S ee g 
= 10 = 
w 1 [es] 
a. 2 
5 80 5 
Q Oo 
> > 
& 6.0 << 
pom] > 
: E 
= 4.6 = 

20 

0 
45.71 45.72 45.73 45.74 45.75 45.76 45.77 45.78 45.79 
INPUT FREQUENCY (MHz) : a: INPUT FREQUENCY (MHz) 


(A) MOTOROLA Semiconductor Products Inc. 
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MC1364 


FIGURE 4 — TEST CIRCUIT 


Rs = ——— 


Rg = 15k Vcc 


MC1364 


0.001 uF 
Lo 
1k 


Veo - 11.8 
0.012 


ohms 


+30 Vv 


AFC 
UTPUTS 


COIL DATA FOR DISCRIMINATOR WINDINGS 
FOR FIGURES 1 AND 4 


L1 — Discriminator Primary: 3-1/6turns; AWG #20 enamel-covered 


wire -- close-wound, at bottom of coil form. Inductance of 
L1 = 0.165 nH; Qg = 120 at fo = 45.75 MHz. 

Start winding at Terminal #6; finish at Terminal #1. See 
Notes below. 


L2 — Tertiary Windings: ‘2-1/6 turns; AWG #20 enamel-covered 


wire — close-wound over bottom end of L1. 


Start winding at Terminal #3; finish at Terminal #4. See . 
Notes below. 


L3 — Discriminator Secondary: 3-1/2 turns; AWG #20 enamel- 


covered wire, center-tapped, space wound at bottom of coil 
form. 

Start winding at Terminal #2; finish at Terminal #5, connect 
center tap to Terminal #7. See Notes below. 


Notes: 1. Coit Forms; Cylindrical; -0.30” Dia. Max. 


2. Tuning Core: 0.250" Dia. x 0.37"" Length. 
Material: Carbinal J or equivalent. 
. Coil Form Base: See drawing below. 
. End of coil nearest terminal board to be designated the 
winding start end. 
. Mount the coils 3/4’ apart, center to center. 


ao SW 


(Bottom view 
of coil form) 


FIGURE 5 — CIRCUIT SCHEMATIC 
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_ Semiconductor Products Inc. 


MC1364 


FIGURE 6 — PRINTED CIRCUIT BOARD AND PARTS ARRANGEMENT 
{Copper Side) 


= OUTPUT 


(AA) MOTOROLA Semiconductor Products Inc. 
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a ORDERING INFORMATION 
Device Temperature Range Package 


~MC1375P —40°C to +85°C Plastic DIP , | | 
ee > i, + IS IOP 


FM IF AMPLIFIER, 
LIMITER, FM DETECTOR 
AND ; 
AUDIO PREAMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


FM IF AMPLIFIER, LIMITER, FM DETECTOR, 
AND AUDIO PREAMPLIFIER 


"...€@ monolithic device designed for use in solid-state FM receivers. 


Excellent Sensitivity: Input Limiting Voltage (Knee) = 250 uV 
typical ; 

Excellent AM Rejection: 55 dB typical at 10.7 MHz 

Internal Zener Diode Regulation for the IF Amplifier Section 

Low Harmonic Distortion 

Differential Peak Detection: Permits Simplified Single-Coil Tuning 

Audio Preamplifier Voltage Gain: 21 dB typical 

Minimum Number of External Parts Required 


Direct Replacement for CA3075 PLASTIC PACKAGE 
CASE 646 


FIGURE 1 — TYPICAL FM APPLICATION 


+12V 


100 


0.01 pF T 


18k 


10.7 MHz ts 0.01 uF 
INPUT XTAL* O 6 
Rs = 330.2 FLTR 
510 y 430 


0.01 pF 
E i 18k 


— = = ae = 


AUDIO 
OUTPUT 


*10.7 MHz Filter; Vernitron FM-4 or equivalent Pins not shown are not connected. 
**L = 6.0 4H nom : 
Adjust R for Oy ~ 55 : e 
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MC 1375P 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Tp = +25°C 


| 
DC Voltage at pin 8{Vjn = 0) 
Amplifier Input Resistance (Vin = 20 mV, 10.7 MHz) 


Amplifier Input Capacitance (Vin = 20 mV, 10.7 MHz) 


DYNAMIC CHARACTERISTICS (Vcc = +11.2 Vdc, Veg = Gnd, frog = 1.0 kHz, Ta = +25°C unless otherwise noted.) 


Se 


IF AMPLIFIER AND DETECTOR (fo = 10.7 MHz, Af = +75 kHz) 


Signal-to-Noise Ratio (Vip = 1.0 mV) 


AUDIO AMPLIFIER (Audio Test Frequency; f = 1.0 kHz) 


Input Impedance (pin 14) 


*100% FM, 30% AM Signal 
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TOTAL HARMONIC DISTORTION (%) 


AM REJECTION (dB) 


TOTAL HARMONIC DISTORTION (%) 


-MC1375P _ 


TYPICAL CHARACTERISTICS 


(All measurements at Ta = +25°C, Vcc = 11.2 V: see test circuits of Figure 9 and 10.) 


FIGURE 2 — AM REJECTION 


60 
40 
20 
Se 
%, 2.0 5.0 10 20 50 100 200 


INPUT SIGNAL VOLTAGE (mV {RMS}) 


FIGURE 4 — IF AMPLIFIER AND DETECTOR THD 


Hill eee 
A ce | 
SEO CCT 
PL TE 
PT TPT TT 
CC Po Pot = 
95 


05 10 20 | 200 
INPUT abu urate inv : 


2.0 


FIGURE 6 — AUDIO AMPLIFIER THD 


OUTPUT SIGNAL VOLTAGE (V[RMS}) 
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RECOVERED AUDIO (mV (RMS}) 


FIGURE 3 — RECOVERED AUDIO OUTPUT 


—_ 
eo 


INPUT SIGNAL VOLTAGE (mv {RMS} ) 


- FIGURE 5 — SIGNAL 10 NOISE 


HY eee 


£75 kHz DEVIATION ||| 


fl 
Zatti 


SIGNAL TO NOISE (dB) 


INPUT SIGNAL VOLTAGE (mV(RMS]} 


FIGURE 7 — CURRENT DRAIN versus SUPPLY VOLTAGE 
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SEK CHEERED 
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TOTAL CURRENT DRAIN (mA) 
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tt I 


POWER SUPPLY VOLTAGE (V dc} 


MC 1375P 


FIGURE 8 — CIRCUIT SCHEMATIC 


RF AMPL 
iF AMPL 


FIGURE 9 — AM REJECTION, THD, RECOVERED 
AUDIO, AND S/N TEST CIRCUIT : 


*UL2 Vide 


HP207H 
or equiv 
UNIVERTER 


HP202H 

or equiv 

AM FM 
GEN 


_ HP334A 
DISTORTION 
ANALYZER 


bea HP10514A ar ease 
uiv 
a7 Mie Fagen ee 


GEN Pwr Ampt 


Te 


"L= 6.0 4H com Mixer Bias 
Adjust @ for Qt = 58 Voltage 


~ 
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‘| EMITTER 
FOLLOWER 


FIGURE 10 — AUDIO VOLTAGE GAIN AND 
“THD TEST CIRCUIT 


+112 Veo 


HP334A 
of equiv 


DISTORTION 
ANALYZER 


C1384 


5-WATT AUDIO. 
6-WATT AUDIO POWER AMPLIFIER ai acai 
SILICON MONOLITHIC 


The MC1384 is a monolithic integrated circuit intended for use as INTEGRATED CIRCUIT 


a low frequency class B amplifier. It provides 5 watts typical of 
audio power output at 16 volts and 4 ohms, 4 watts typical at 14.4 
volts and 4 ohms, 2 watts typical at 9 volts and 4 ohms, and works 
with a wide range of supply. voltages (4 to 20 volts). 


Thermal Shutdown 


Wide Supply Voltage Range 
(4 to 20 Volts) 


High Current Capability 


PQ SUFFIX 
:PLASTIC PACKAGE 
; CASE 722A 
“Angel” Power Package . 

PQM SUFFIX» 
PLASTIC PACKAGE 
CASE 722 g 


PIN CONNECTIONS 


-65 to +150 


FIGURE 1 — TYPICAL APPLICATION CIRCUIT 


Gnd 
B 
ootstrap (6 | 4 (Substrate) 


Compensation 


Feedback 8 | 


5 
100 uF 
-| i6V 
; C7 
5600 pF 


ORDERING INFORMATION — 


| mci384aPa 0 to +70°C | Plastic _| 
MC1384POM 0 to +70°C 


This is advance information and specifications are subject to change without notice: 
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MC1384 


ELECTRICAL CHARACTERISTICS (Vcc = 14.4 Vdc, RL = 4.0 2, f = 1.0 kHz, Ta = 25°C unless otherwise noted, 
see Figure 1 test circuit.) 


Characteristic 


‘Quiescent Drain Current 
(ein = 0) 


Typ 


3 
> 


Quiescent Output Voltage Vo 
(ein =Q) ; 

Power Output 
(10% Distortion) 

Veco =16V 

Veco =14.4V 

Vec =9.0V 

Sensitivity, Input Voltage 
(Po = 4.0 watts} 

Re = 56 2 

Re =22 2 


~ 
BS 


Nea ; 
ooo 


Frequency Response 
(-3.0 dB) 

C3 = 820 pF 

Cg = 1500 pF 


Distortion : 
(Pg = 50 mW to 1.0 W) ; 


= 
N 


40-20,000 
40-10,000 ~ 


Power Supply Rejection Ratio 
(Fripple =1.0 kHz) 


bel " 


”~ 
Ez 
’ 


Equivalent Input Noise 
(Rg = 0, Bandpass = 20 Hz to 20 kHz) © 


= 


@) MOTOROLA Semiconductor Products inc. 
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ORDERING INFORMATION 


Device Temperature Range .Package 
MC1385P —40°C to +85°C Plastic DIP 


CLASS B AUDIO DRIVER 


The MC1385 Class B Audio Driver is ideai for low voltage singie- 
supply audio driver applications as found in consumer and indus- 
trial electronics. 

Along with excellent audio reproduction, care has been taken to 
design in features significant to the automotive radio such as short 
circuit protection, supply line transient protection (commonly called 

A : “toad dump”). Because of the current limiting shut down circuit, 
the requirement for a large heat sink has been significantly reduced. 


Internal Power Supply Transient Protection 

Built-In Programmable Short-Circuit Current Limiting 
Reduced Heat Sink Requirement 

Excellent Power-Supply Ripple Rejection — 35 dB Typ 
Typical Operation from 9.0 Vde to 16 Vde 

Excellent Sensitivity — 4.0 mV (Typ) for 1 W 

5-Watt Driving Capability 


CLASS B 
AUDIO DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 646 


FIGURE 1 — TYPICAL APPLICATION CIRCUIT 


40 BF /16V Ses 


1TMF/3V 
411 


“}10 HE/16 V 
14 
O 


URN a 0.001 uF 


——{) 
1000 #F/16 V. 


MJE2050* 
Or equiv 


MJE2150* 
or equiv 


*For idle current considerations, power transistors used with the MC1385 
driver require VgE(on) @ tc = 50 mA, 0.65 V-0.69 V, Vcg = 5.0 Vdc, 


Te = 25°C. 
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MC1385 © 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Value [unit 


Power Supply Voltage - Steady State 
- Transients of 50 ms or tess (1) 


| Maximum Sink or Source Current mA 
Pin 5or8 


Power Dissipation (Package Limitation) @ Ta = 25°C 625 mw 
Derate Above +25°C i mw/oc 


Operating Ambient Temperature Range 


Storage Temperature Range , 


Figure 


Voltage Gain 

(Vin = 10 mVRMS, Vcc = 14.4 Vde, R2 = 160 22, f = 1.0 kHz) 
Total Harmonic Distortion 

(Vout = 4.0 VRMS, R2= 1602, f = 1.0 kHz) ; 


Power Supply Overvoitage Shutdown (1) 
2 


Power Output 
(THD = 10%) 

Input Sensitivity Voitage 
(Po = 1.0 W) 

Total Harmonic Distortion 
(Po = 1.0W) . 


Output Noise ‘ 
(BW = 50 Hz to 6.0 kHz, Input Shorted) 


Power-Supply Rejection 2 
(Ripple = 1.0 V(p-p) @ f = 1.0 kHz) 


Input Impedance ~ ‘ 
Efficiency @ 5-Watts 


Recommended Heat Sink Temperature Coefficient : : 1 
for Output Device Mounting {Figure 15) 


(1) These specifications were developed to meet typical automotive load dump requirements. 


FIGURE 2 — TEST CIRCUIT 


250 uF/SO V Vec 
+ 
10 wF/50 V 


MC1385 


CIRCUIT DESCRIPTION 
The total system is shown in Figure 3. The signal pat 


consists of two closed-loop blocks: the preamplifier and 


the output amplifier. This configuration allows improved 
ripple rejection and a faster turn-on time than with a 
single closed-loop system. The two principal fault modes 
of overvoltage and overcurrent are avoided by the “‘load 
dump” and “short circuit’’ blocks respectively. The regu- 
lator provides the preamplifier with immunity to the noise 
injected on the supply line. 


FIGURE 3 — SYSTEM BLOCK DIAGRAM 


Regulator 


Discrete 


Power 
Transistors 


The regulator circuitry is shown in Figure'5. Noise 


the supply voltage exceeds the combined breakdown volt- 
age of the three zener diodes (22 V typically) and the 
turn-on voltage of O9,’ the base of Q15 and the collector 
of Q11 are pulled to the saturation voltage of Q9 or less 
than one volt. This completely turns off both external 
discrete devices which places them in a BVCER condition. 
With R26 across the base-emitter junction of the MJE2050, 
the device will remain off and unharmed as long as the 
transient voltage excursion is below 40 volts. 


PERFORMANCE OF PROTECTION CIRCUITS 


The MC1385 incorporates shut down circuits to pre- 
vent destruction of the MC1385 and outputs: under 
these conditions. 

As was shown in Figure 5, the supply line transient 
voltage shutdown circuit is a function of zener diodes 
22, Z3, Z4. The circuit shuts down the outputs for volt- 
ages on Pin 9 of 22.0 Vdc (typically). 

The current limiting is adjustable by means of the re- 
sistors in the emitter of the MJE2050 and the collector of 
the MJE2150. Equation 1 may be used to select these 
resistors given the limit of peak output current, Ip, desired. 

The selection of these resistors and consequently the 
short circuit current determines the amount of heat sink- 
ing required for the output devices. For example, with 
the resistors selected in the application circuit of Figure 1, 


: the Ip is approximately 3.0 A with an average current of 
about 1.1 A. This circuit requires a heat sink of about 


voltage on the supply line is attenuated by the RC filter . 


network of R1 +-R2 and C1. The preamplifier supply tine 
noise is further attenuated by the ratio of R3 to the small 
signal impedance of Z1 which is about 40 92. The noise 
injected at the base of S1 is determined by the ratio of 
R14 to the impedance on the base of $1. 

The output impedance of O5 is small compared to C2 
and the input impedance of $1 is large, so the impedance 
at the base of $1 is C2 in parallel with R15. 


The preamplifier is a two stage amplifier with localized . 
feedback. Device Q2 provides bias for the first gain stage . 


Q3 which is directly coupled to the second gain stage Q4. 
The output device Q5 is an emitter follower with feedback 
provided by R11. . 
The output amplifier is a differential amplifier driving 
a Darlington, common-emitter stage. 
: The short circuit protection. is provided by Q10 and 
Q12 in conjunction with two external resistors. The value 
of the external resistor is set by the choice of desired 
output peak current and Equation 1. 
“es VBE(on) 010 or Q12 
iia . Ip 
where Ip = desired output peak current 
VBE(on) = 720 mV at 25°C 
Re = value of current limit resistor 


Re (1) 


Load dump protection, illustrated in Figure 5, is pro- 
vided by three zener diodes, Z2, Z3 and Z4 and O9. When 


6.0°C/watt on the combined output devices to provide short 
circuit protection at. Vsupply of 14.4 Vde and Ta = 25°C. 
It is suggested that the user measure the heat being de- 
veloped in the output devices under his required short 
circuit test to make certain the output device Tjmax of 
150°C is not being exceeded. 


FIGURE 4 — CONVENTIONAL A-LINE FILTERING 


Automotive 390 MH : 
Voltage To Radio 
: + Circuits 


neg he 


Supply 


SUPPLY LINE FILTERING (ALTERNATOR WHINE) 


Figure 4 represents the conventional method of filter- 
ing the automotive supply line. : 

The combination of the choke. and 1000 wF capacitor 
attenuated the voltage transients (primarily alternator 
whine) on the A-line to a point where they are inaudible 
at the speaker output. However, the A-line choke repre- 
sents a bulky, expensive component at a time when 
reduction of radio size is an important design goal. 

Also due to its placement in series with the output 
devices, the impedance of the choke provides an unde- 
sirable voltage drop and therefore a. reduction in audio 
power output. ; 

Figure 6 illustrates a suggested A-line filtering scheme 


' -for use with the MC1385. 
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Experiments regarding alternator whine indicate that 
the 10 © series resistor and the existing 1000 uF A-line 


MC 1385 


FIGURE 5 — TOTAL SYSTEM SCHEMATIC 


MC1385 


+ 


O Battery 


MJE2050 
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*R Current Limit Resistors 


MIC1385 


FIGURE 6 — SUGGESTED A-LINE FILTERING WITH MC1385 


1N4001 


Other 
Radio 
Circuits 


1000 nF /16 mR iesoBO 


MJE2150 
é Ry. 


electrolytic are effective in attenuating alternator whine. 
The diode is included to permit the load dump por- 
tion of the I/C to be connected directly to the A- 
line and thus remove the time delay associated with the 
10 82/1000 uF circuit. The diode is necessary if load 


dump protection is required. 


PERFORMANCE AND APPLICATION INFORMATION 


The following section covers performance character- 
istics and application information on the MC1385/ 
MJE2050/MJE2150. 

Figure 1 illustrates the typical circuit configuration that 
was used to generate the performance curves and data 
shown in Figures 7 thru 14. Performance measurements 
were made at 14.4 V; however, the test circuit in. Fig- 
ure 1 will operate satisfactorily over the automotive 
voltage range of 9-16 Vdc. 

» 


FIGURE 7 — TOTAL HARMONIC DISTORTION 
versus POWER OUTPUT 
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FIGURE 8 — POWER OUTPUT versus SUPPLY VOLTAGE 
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POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 — POWER OUTPUT versus FREQUENCY @ 10% 
TOTAL HARMONIC DISTORTION 
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FIGURE 10 — TOTAL HARMONIC DISTORTION versus 
FREQUENCY @ 1.0 WATT OUTPUT 
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MC1385. 


FIGURE 14 — POWER SUPPLY REJECTION versus 
FIGURE 11 — POWER OUTPUT versus AMBIENT TEMPERATURE ; POWER SUPPLY RIPPLE FREQUENCY 
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FIGURE 15 — CALCULATING TOTAL SURFACE AREA OF 
: FABRICATED HEAT SINK FROM REQUIRED VALUE 
' FIGURE 72 — IDLE CURRENT versus AMBIENT TEMPERATURE OF THERMAL RESISTANCE 
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FIGURE 13 — POWER OUTPUT versus LOAD RESISTANCE BLACK ALUMINUM 


. @10% TOTAL HARMONIC DISTORTION 


TOTAL SURFACE AREA (in2) (BOTH SIDES) 


CYLINDRICAL 
VERTICAL FINS, 
BLACK ALUMINUM 


20 3.0 4050 7.0 10 20 50 
THERMAL RESISTANCE (°C/W) 


_ POWER OUTPUT (WATTS) 


BOREAS ARE 


Pete 
ecull 
|| 
| | 
ae 
LN. 
rod 
ee 
eae 
ra 


LOAD RESISTANCE (OHMS) © 


7-119 


| ORDERING INFORMATION 


Device Temperature Range Package ‘ 
MC1391P_—=s—sO°C 0 475°C —_—=#lastic: DIP e  WC01391P 
MC1394P 0°C to +75°C Plastic DIP 


-MC1394P 


TV HORIZONTAL PROCESSOR ; 
TV HORIZONTAL | 
F oa Art : ee? PROCESSOR 
. low-level horizontal sections including phase detector, oscillator 4 
and pre-driver — a device designed for use in all types of television ‘MONOLITHIC SILICON 
receivers. a : INTEGRATED CIRCUIT 
Internal Shunt Regulator 
Preset Hold Control Capability 
+300 Hz Typical Pull-In 
. Linear Balanced Phase Detector 
Variable Output Duty Cycle for Driving Tube or Transistor 
Low Thermal Frequency Drift 
Small Static Phase Error 


Adjustable dc Loop Gain 


MC1391P — Positive Flyback Inputs 


, PLASTIC PACKAGE 
MC1394P — Negative Flyback Inputs CASE 626 


Vnonreg S 
+30 V FIGURE 71 — TYPICAL APPLICATION CIRCUIT 


To 

High 
Voltage 

Tripler 


MJ 105 
. or Equiv 


MC1391P 
or 
MC1394P * 


5.0 pF 
MPS-U04 
or Equiv 


*MC1394P designed to accept 
reverse polarity sawtooth at 
ee i ‘ -20 V Sync 
ae Mates Eien case This circuit has an oscillator pull-in range of £300 Hz, a noise bandwidth 
. of 320 Hz, and a damping factor of 0.8. 


TR = 6.8 k per 100 V of flyback amplitude. 
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MC1391P, MC1394P_. 4 . 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


Sr 

Pouputvae Cd 

FoupurGurent PS 

[Sire inputvonwge ind) OSid ot 
ee eT 


Flyback Input Voltage (Pin 4) 


Power Dissipation (Package Limitation) 
Plastic Package . 
Derate above Ta = +25°C 


ELECTRICAL CHARACTERISTICS (Tp = +25°C unless otherwise noted.) (See Test Circuit of Figure 2, all switches in position 1.) 


Regulated Voltage (Pin 6) 
Supply Current (Pin 6) 


Collector-Emitter Saturation Voltage (Output Transistor 
’Q1 in Figure 6) 
(Ic = 20 mA, Pin 1) Vde 


Voltage (Pin 4) : 
Oscillator Pull-in Range (Adjust Ry in Figure 2) 


Oscillator Hold-in Range (Adjust Ry in Figure 2) 


Static Phase Error 
(Af = 300 Hz) < = 


Free-ruinning Frequency Supply Dependance Hz/Vde 


Vdc 
(S1 in position 2) 
nA 
Vip-p) 
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FREQUENCY DRIFT (Hz) 


MC1391P, MC1394P 


TYPICAL CHARACTERISTICS 
(Tp = +25°C unless otherwise noted.) 


FIGURE 2 — TEST CIRCUIT 


Pulse Generator 
Sync Pulse 
= -20V, 
5.0 us, fo = 
15,750 Hz 


MC1391P 
or 
-MC1394P * 


Pulse Generator 
Output = +50 V* 
12 us 


+ 7 
Vcc +30 V_ (See Figure 5) i *Use -50 V for MC1394P 


FIGURE 3 — FREQUENCY versus TEMPERATURE 
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FIGURE 4 — FREQUENCY DRIFT versus WARM-UP TIME 
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Sages 
Zeee eee 


MC1391P, MC1394P 


FIGURE 6 — CIRCUIT SCHEMATIC 


Osciliator 
Timing o 


Oscillator 


CIRCUIT OPERATION 


' The MC1391P and MC1394P contain the oscillator, phase de- 
tector and predriver sections needed fora television horizontal 
APC loop. . 


The oscillator is an RC type with one pin (Pin 7) used to con- 


trol. the timing. The basic operation can be explained easily. If 


it is assumed that Q7 is initially off, then the capacitor connected 


from Pin 7 to ground will be charged by an external resistor (Rc) 
connected to Pin 6. As soon as the voltage at Pin 7 exceeds the 
potential set at the base of O8 by resistors R8 and R10, Q7 will 
turn on and Q6 will supply base current to Q5 and Q10. Transistor 
Q10 will set a new, lower potential at the base of Q8 determined 
by R8, RO and R10. Then, transistor Q5 will discharge the 
capacitor through R4 until the base bias of Q7 fails below that 
of Q8, at which time Q7 will turn off and the cycle repeats. 

The sawtooth generated at the base of 04 will appear across 
R3 and turn off Q3 whenever it exceeds the bias set on Pin 8. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 


predriver output pin (Pin 1) can be changed to accommodate either. 


Ground = 
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Vec > 


69 Phase Detector 


Regulator 


Phase 


Output 


put 


Sync Input 


tube or transistor horizontal output stages. ; 

The phase detector is isolated from the remainder of the circuit 
by R14 and Z2. The phase detector consists of the comparator 
Q15, Q16 and the gated current source Q17. Negative going sync 
pulses. at Pin 3 turn off Q12 and the current division between 
Q15 and Q16 will be determined by the phase relationship of the 
sync and the sawtooth waveform at Pin 4, which is derived from 
the horizontal flyback pulse. if there is no phase difference be- 
tween the sync: and sawtooth, equal currents will flow in the 
collectors of Q15 and Q16 each for half the sync pulse period. 
The current in Q15 is turned around by Q18 so that there is no 
net output current at Pin 5 for balanced conditions. When a phase 
offset occurs, current will flow either in or out of Pin 5. This 
pin is connected via an external low-pass filter to Pin 7, thus. 
controlling the oscillator. , 

Shunt regulation for the circuit is obtained with a zero temp- 
erature coefficient from the series combination of D1, D2 and 21. 


Detector 


4 MC1394P 


Only 


-—O 4 MC1391P 
yawtooth Only 


MC1391P, MC1394P 


APPLICATION INFORMATION 


Although it is an integrated circuit, the MC1391P and MC1394P 
have alf the flexibility of a conventional discrete component 
horizontal APC loop. 

The internal temperature compensated voltae regulator allows 
a wide supply voltage variation to be tolerated, enabling operation 
from nonregulated power suppiies. A minimum value for supply 
current into Pin 6 to maintain zener regulation is about 18 mA: 
Allowing 2mA for the external dividers 


Vnonreg(min) -8.8 


+ = 
AAT RB 20 x 107 

Components Ra, Rg and Ca are used for ripple rejection. 
the supply voltage ripple.is expected to be less than 100 mV (for 
a 30 Volt supply) then Ra and Rg can be combined and Ca 
omitted. 

The output pulse width can be varied from 6 us to 48 us by 
changing the voltage .at Pin 8 (see Figure 5).. However, care 
should be taken to keep the lead lengths to Pin 8 as short as possi- 
ble to prevent ringing which can result in erroneous output pulses 
at Pin 1. The parallel impedance of Rp and Re should be close 
to 1 k& to ensure stable pulse widths. 


For 15 mA drive at saturation 


Vnonreg ~ 9-3 
16x 10-3 
The oscillator free-running frequency is set by Ro and Cg 


connected to Pin 7. For values of R¢ > Rdischarge (R4 in Figure 
6), a useful approximation for the free-running frequency is 


Re = 


1 
~ 0.6RcCg 


Proper choice of Rc and Cg will give a wide range of oscillator 
frequencies ~ operation at 31.5 kHz for count-down circuits is 
possible for example. As long as the product RCCg ~ 1074 many 
combinations of values of Rc and Cg will satisfy the free-running 
frequency requirement of 15.734 kHz. However, the sensitivity 
of the oscillator (8) to control-current from the phase detector 
is directly dependent on the magnitude of R¢, and this provides a 


. 


tf. 


convenient method of adjusting the de loop gain (fe). 


For a given phase detector sensitivity (2) =-1.60 x 10-4 Alrad 


fe = uB and B = 3.15 x Rc Hz/mA 


Increasing Re will raise the de loop gain and reduce the static 
phase error (S.P.E.) for a given frequency offset. Secondary effects 
are.to increase the natural resonant frequency of the loop (wp”) 
and give a wider pull-in range from an out-of-lock condition. The 
loop will also tend to be underdamped with fast pull-in times, 
Producing good airplane flutter performance. However, as the 
loop becomes more underdamped impulse noise can cause shock 
excitation of the loop. Unlimited increase in the dc loop gain will 
also raise the noise bandwidth excessively causing horizontal jitter 
with thermal noise. Once the de loop gain has been selected for 
adequate S.P.E. performance, the loop filter can be used to produce 
the balance between other desirable characteristics. ' Damping of 
the loop is achieved most directly by changing the resistor Rx 
with respect to Ry which modifies the ac/dc gain ratio (m) of 


: the loop. Lowering this ratio will reduce the pull-in range and 
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noise bandwidth (fnn). (Note: very large values of Ry will limit 
the control capability of the phase detector with a corresponding 
reduction in hold-in range). 

Static phasing can be adjusted simply by adding a small resistor 
between the flyback pulse integrating capacitor and ground. The 
sync coupling capacitor should not be too small or it can charge 
during the vertical pulse and this may result in picture bends at 
the top of the CRT. 


NOTE: 


In adjusting the loop parameters, the following equations may _ 
prove useful: 


1+X2 Twe Ry 
nn>~ —yv7 a 
4XxT Ry 
_ We We = 21 fc 
ae 
T 
(1+X) T=Ry Cc 
_X2 Tw where 
4 K = loop damping coefficient 


TV VERTICAL 
PROCESSOR 


SILICON MONOLITHIC 


TV VERTICAL PROCESSOR 
INTEGRATED CIRCUIT 


,.. designed for universal use in black and white as well as large- 
screen color television receivers. 


Injection. Locked Oscillator 

Greater Than 12 Hz Injection 

Low Thermal Drift 

Eliminates Centering Control ; 
Independent Vertical Hold and Size Controls 


Scan Current Independent of Yoke Variations PLASTIC PACKAGE 


CASE 648 


Retrace Pulse for Effective Blanking 


Linear Sawtooth Amplification ~ ORDERING INFORMATION 


[mc1393 | Ot0+70°C —s | Plastic O1P | | 


‘FIGURE 1 — TYPICAL APPLICATION CIRCUIT 


oe a re 
baa i MJES976 


10 


' 680k 750 k 
Height 
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MC1393 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 
Duneion Tenpetators 


ELECTRICAL CHARACTERISTICS (Vcc = +25 V, Ta = +25°C) (Figure 1) 


Characteristic 


Oscillator Drift ; 


Supply Drain‘ 1) 
Oscillator Frequency (Pin 16) 
Oscillator Supply Sensitivity 


rs 


Note 1: Total Current Includes Current in Circuit External to the IC. 


CIRCUIT DESCRIPTION 


Oscillator 


The oscillator employs two differential amplifiers (Q1, 
Q2, and Q7, Q8). A capacitor at Pin 16 is charged by a 
current source Q6 until it reaches a voltage that turns on 
Q1. Q7 is turned on by Q1 providing a discharge path for 
the voltage stored at Pin 16. Q12 is on during the same 
period as Q1, and provides a discharge path for a ramp 
generated at Pin 2. Q1 stays on until the capacitor voltage 
is discharged to a level that turns Q7.off. A negative sync 
pulse at Pin 1 turns Q10 on and increases the oscillator 
frequency by lowering the Q1 switching voltage. 


Complementary Driver : 

A sawtooth generated at Pin 2 is level shifted to the 
driver inputs Q24 and Q27. O17 and an NPN output tran- 
sistor at Pin 6 are a current driver function for one-half 


of the output. 020 acts as a current amplifier providing 
base current for the NPN output transistor. The current 
gain between Q20 and the output transistor is inversely 
proportional to the resistance ratio of R37 and the output 
emitter resistor. 1.0 mA of current through R37 will pro- 


‘duce 1.0:A through a 1.0 ohm output-emitter resistor, 


thus providing a gain of 1000. Q20, Q31 and a PNP out- 
put transistor at Pin 10 are a second current driver func- 
tion, making up the other half of the complementary 
output. Q35 provides base current for the output. The 
maximum amount of base current drive is determined by 
the current in the voltage divider on Pins 7 and 11. Pin 3 
is a return path for the dc and provides for automatic 
centering.. Pin 8 is the collector output of Q18 providing 
a positive blanking pulse. 


(AA) MOTOROLA Semiconductor Products Inc. 


FA26 


MC1393 | a 


FIGURE 2 — CiRCUIT SCHEMATIC 


Circuit diagrams utilizing Motdrola products are included as a means is believed to be entirely reliable. However, no responsibility ‘is _ 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
compiete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola inc. or others. 


(AA) MOTOROLA Semiconductor Products Inc. 


\ 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1398P -20°C to +75°C ~—S— Plastic DIP 


— MC1398 


TV COLOR PROCESSING 
TV COLOR PROCESSING CIRCUIT ~ CIRCUIT 
: SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


.. .achroma IF amplifier with automatic chroma control, color killer, 
dc chroma control, and injection lock reference system followed by 
dc hue control. ; 

MC1398P is a monolithic device designed for use in solid-state 
color television receivers. 


® Minimum Number of External Components 

© DC Control of Both Chroma Amplitude and Hue Shift 
® Crystal-Controltled Internal Feedback Oscillator 

® Built-in Noise {mmunity 

®@ Schmitt Trigger Color Killer 

® Automatic Chroma Control 

@ Internal Burst Gate and Gate Pulse Shaping Circuit 

@ High Oscillator Lock-in Sensitivity : 

® Built-in Supply Regulation 


PLASTIC PACKAGE 
CASE 646 


FIGURE 1 — TYPICAL CHROMA APPLICATIONS CIRCUIT 
{MC17398P, MC1326 and MPSU10) 


TO PIN 14 (MC1398) +24 Vide 4250 Ve 


"4 ACC/KILLER CONTROL 


pa Per on BLANKING 
gv INPUT 


PICTURE 


sate day MC1398P 


XTAL: 3.579545 MHz 


CHROMA INPUT 
33 pF 22 pF 


—_— 


{MC1398) 


CHROMA 
GAIN > 


TI, T2: See Figure 10 tor coil data. 
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MC 1398 


MAXIMUM RATINGS (T, = +25°C uniess otherwise noted) 


Power Supply Current 


Horizontal Pulse Input Current ‘ 


Power Dissipation (package timitation) 
Derate above Ta = +25°C 


Operating Temperature Range (Ambient) : ~20 to +75 : 
Storage Temperature Range -65 to +150 


Characteristic 


Regulated Voltage (Ig = 35.mA) 
(Ig = 27 mA) 
Maximum Undistorted Chroma Output, See Note 1,E (pin 3) = E(pin 14) 


Maximum Chroma Gain 
E(pin 3) = E(pin 14). See Note 1 , 


Automatic Chroma Control Range (ACC) 
-3.0 dB down from maximum undistorted output ,see Note 1 


Chroma Burst Level to Kill, See Note 1 


Manual Chroma Gain Controt Range 
(Vipin 3)(Vipin 14) to 0 Vde) 


Chroma Input Resistance 
Chroma Input Capacitance 
Chroma Output Impedance 
Horizontal Input Pulse 
Oscillator Output 

Oscillator Output | mpedance 


Hue Contro! Range 
(Vipin 12) (V(pin 14) to 4.3 Vde) 


Oscillator Pull-in Range er eee See ee aed 
Oscillator Noise Bandwidth (fry) } ee a ee ee ee 


Hz : 
Static Phase Error with Oscillator Detuning . ‘\degrees/Hz | — 
25 mV(p-p) Burst Amplitude ; 0.20 - 
. 2.0 mV(p-p) Burst Amplitude : : 0.25 | - 


Note 1: With 5.0 mV(p-p) burst input at pin 5 
set E(pin 10) to just “unkill’”. 


FIGURE 2 — MC1398P TEST CIRCUIT 


REGULATED 
VOLTAGE 


OSCILLATOR 
PEAKING 


180 pF Rs = Wor! 02 kilohms 


re 


CHROMA 
OUTPUT 


22k 
: haha a5 
| ~ 10k 
\ fev | | | 
~ HORIZONTAL 
INPUT 


Osc 
OUTPUT 


HUE 
CONTROL | 


CHROMA 
CONTROL 


HUE PHASE 420 pF 


V1 SHIFT ¢ 


MC 1398P 


ACC/KILLER 
CONTROL 


250 pF 

CHROMA @ 

input © 

0.01 ue CHROMA 
BYPASS 


10 1ST ACC FILTER 15k 


2ND ACC 
FILTER 


0.01 uF 


H 


" CRYSTAL 


Ly: SEE FIGURE 10 FOR COIL DATA. 
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MC 1398 


BIAS SECTION and VOLTAGE REGULATOR 
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BIAS SECTION 


HORIZONTAL | 
PULSE INPUT 


MC1398 


PHASE ANGLE, OSC OUTPUT 
LEADS CHROMA BURST INPUT (DEGREES) 


STATIC PHASE ERROR (DEGREES) 


CHROMA OUTPUT VOLTAGE (V 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted) 
(Figures 4 through 9, See Test Circuit of Figure 2.) 


FIGURE 4 — INPUT/OUTPUT CHARACTERISTICS 


et SAR i Epa sD 5 
=p) eae a OG eee See 


0 
2.0 3.0 5.0 10 2030 50 100 200 


CHROMA INPUT VOLTAGE (mV(p-p}) 


FIGURE 6 — HUE CONTROL OPERATION 


= 
i=r) 
o 


®in = 20 mV{p-p) 
E(pin 10) = Note 1 


= 
i=] 
oo 


oJ 
oS 


bor] 
o 


> 
—7 


ny 
o 


PIN 12 VOLTAGE (Vdc) 


FIGURE 8 — STATIC PHASE ERROR 


2 aS ie a ae Phase Error unacceptable 
Re is So ae Ee ee ee 
Ne 
Ae Ee a ee 


-100 -80 «— -60 «= -40— -20 G6 +26 +40 «#6+60 © «6+80 +100 


FREQUENCY OFFSET (Hz) 


N 


FIGURE 5 — REGULATED VOLTAGE 


SOURCE CURRENT (mA) 


PIN 14 REGULATED VOLTAGE (Vdc) 


FIGURE 7 ~ OSCILLATOR OUTPUT versus . 
PIN 12 VOLTAGE 


Gin = 20 mV(p-p) 
E(pin 10) = Note 1 


OSC OUTPUT VOLTAGE (mV{rms}) 


PIN 12 VOLTAGE (Vde) 


FIGURE 9 — TEMPERATURE STABILITY of the 
MC1398 OSCILLATOR 
(1/C only subjected to temperature change) 


OSCILLATOR FREQUENCY 
CHANGE (Hz) 


AMBIENT TEMPERATURE (°C) 
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MC 1398 


FIGURE 10 — PRINTED CIRCUIT LAYOUT OF MC1398P, MC 1326, and MPSU 10 TRANSISTORS 


KILLER/ACC ADJUST HUE CONTROL 


CHROMA 


HORIZONTAL 
tNPUT 


BOTTOM 
HUE CONTROL 
LIMIT 


NOTES: 
+ All resistors are 1/4 W unless otherwise noted. 


(Copper Side Shown) 
0.875 
0.1875 


0.5 | 


Ly: 
0.25 


SLUG 


L4: 80 TURNS OF 
EXTRACTED GZ 


STANDARD #38 AWG 
HEAVY POLYTHERM. 
WIRE. ; 


Eat 


MC1398P APPLICATIONS INFORMATION 


MCi398P is.a multifunction circuit with considerable gain as- 
sociated with the chroma amplifier and oscillator sections. It is 
important to the circuit layout utilizing the MC1398P that the 
chroma amplifier, oscillator, and oscillator output/hue section 
grounds are separated from each other. Ground loop problems 
will interfere with oscillation stability and lock-up if this pre- 
caution is not observed. ; 

Care must be. exercised to avoid coupling from the oscillator 


0.5 


“+24 Vde 


LUMINANCE 
INPUT 


T4: 


ALEZ 


output to the crystal circuitry connected to pin 8. Stray coupling | 


of these two points can result in excessive oscillator shift; or in 
some cases, oscillator drop-out during adjustment of the hue 
control. a , : 

A suitable circuit layout for the MC1398P is shown in Figure 10. 

An adjustable capacitor (1.5~—20 pF in parallel with a fixed 
22 pF capacitor) is shown in series with the 3.58 MHz crystal. This 
capacitor is used to adjust the oscillator exactly on frequency, 
and ensures excetlent oscillator lock-up. However, acceptable 
oscillator performance can be obtained with a fixed value of capaci- 
tance (this value is dependent on the designers’ choice of crystals). 
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T2: 


+250 Vde 


GREEN OUTPUT 


RED OUTPUT 


BLUE OUTPUT 


THREE 
MPSU 10 
UNIWATT 
TRANSISTORS 


BLANKING 
INPUT 


ey ; 0. TURNS 
es 5.3 TURN 
BOTTOM \ NS 
VIEW = 


COILCRAFT FORM #10-32 OR EQUIV 
UNIVERSAL AWG #36 WIRE OR EQUIV 


L =26uH 

INPUT OUTPUT 
PRIMARY SECONDARY 
WINDING WINDING 
82 TURNS 


55 TURNS 


+ (BOTTOM 
VIEW) 


COILCRAFT FORM #10-32 OR EQUIV 
UNIVERSAL AWG #36 WIRE OR EQUIV 
Lp = 12 #H primary winding - SS, 
Ls = 8.8 BH secondary winding 

K=0.4 


This coil data is intended as an aid only. It is 
expected that many designers will want to use 
other approaches. 


MC1398 


MC1398P CIRCUIT DESCRIPTION 


The MC 1398P is capable of providing the entire color processing 
function between the second detector and the demodulator: for 
television color receivers. 

A band pass filter from the second detector provides a 50 mV 
(p-p) signal (for a saturated color bar pattern) at the input to the 
first chroma amplifier stage (Q2, Q3, Qg, Qg). Because of QQ 
emitter load resistor the input impedance is determined primarily 
by the bias resistor (R.3) and is about 2.3 kilohms. Since Q2 is the 
current source for the differential pair (Q3 and Qg), the chroma 
information will pass to the load resistor (R7) and then to the 
second chroma amplifier (Q47). To avoid overioad of Q47, the 
maximum gain to Q47 base is only X3 and by varying the bias at 
the base of Og it is possible to reduce the stage gain by 23 dB 
without signal distortion; the signal being ‘dumped’ by Qg 
collector into the supply. Since this automatic chroma control 


action will vary the dc bias at Q7 base the emitter load of Q47 is | 


the current source Q4g, maintaining the dc operating current. Q1g 
collector is bypassed externally to prevent ac signal attenuation. . 

During picture scan time, the chroma signal passes through the 
output level control amplifier (Q49, Q44, A715, Q24). By changing 
the bias on Q14 and O45 bases the signal can either pass to the 
output pin 2 or be ‘‘dumped” into the supply through Q74- The 
use of buffer stages Q79 and Q91 prevent distortion at low-signal 
levels and the control range is better than 70 dB. The signal output 
is also buffered by Q14 and Q99, thus providing a low impedance 
drive of up to 2.0 'V (p-p) to the demodulator, with an overall 
gain between pins 5 and 2 of 40 dB. To enabie the chroma signal 
output to reach the amplifiers from Q47 collector, Q4Q is held in 
conduction by Qs which in the absence of any input on pin 4 is not 
conducting. This high collector voltage also holds Q7¢6 in 
conduction, clamping the input to the burst channel and preventing 
chroma information reaching the oscillator. During picture retrace 
time, a-positive-going 4.0 us pulse from the line sweep transformer 
will turn Qs “on” and Q7 “off’’. When Qs collector goes low, 
Q42 will become ‘cut-off’ preventing the burst signal at Q47 
collector from reaching the output pin 2. At the same time, Q9g 
turns “off” opening the burst channel. The high collector voltage 
of Q7 turns on Q4g and Q99. O76 passes the burst signal from 
Q17 collector to the subcarrier regenerator and Q99 “‘fills-in” for 
Q42 during the gate period to peavent a de shift-in the pin 2 
output voltage. 

The gated burst signal is applied to the oscillator through Q97 
and Q9g. Q29, Asp and O35 together with O27 and Q9g form 
an injection locked oscillator circuit. At series resonance of the 
crystal connected to pin 8 the impedance of pin 8 is very low, 
thereby reducing the 3.579545 MHz carrier level at the base of 
Qg50. The signal at the base of Q39 is not reduced but the output 
voltages in R33 and Rqgg.will change. Any signals outside the 


response band of the crystal will appear equally at Q5g and O29 
bases and be suppressed in the output by the differential amplifier 
common-mode rejection ratio {about 40 dB). To maintain 
oscillation, a feedback signal with the correct phase is passed by 
Q35 back to the input of Q97. Careful control of the resistor 
ratios ensures that Qg9 and O59 are operated linearly with about 
350 mV (p-p) at R33 and R47, due to self oscillation. A burst 
signal as low as 2.0 mV (p-p) at the chroma input is sufficient to 
cause the oscillator to lock to the reference phase and frequency. 

As the burst amplitude increases, the level at Q29 and Oso 
collectors changes and this shift is used to provide the automatic 
chroma contro! function. Q4z and Qgs forma modified differential 
amplifier and with zero offset bias Q45 conducts most of the 
current from Q43. As an increasing burst level swings Q29 and 
Q50 collectors, the current from Qq43 is shunted into Qqg. Ata” 
point predetermined by the setting of the automatic chroma control 
connected to pin 10, the composite lateral PNP of Q47 and Q46 
will be biased into conduction. This amplifier has a gain of unity 
and a filter capacitor (connected to Q4g base) prevents any 
tendency to Oscillations. Diode CRg provides thermal compen- 
sation to ensure a steady color-killer threshold point. The increas- 
ing current through Q73 emitter is used to control Qg base, 
attenuating the input signal as the burst amplitude increases. The 
current from Q43 also keeps Q4gQ in saturation. .When the input 
signal becomes too small for satisfactory color rendition, Q73 
current: falis and Q49 comes out of saturation. This means Q95 
will saturate, clamping Q.91 base and “killing” the chroma output 
stage. Roq in the Schmitt trigger circuit ensures that the color-— 
killer will have hysteresis to prevent fluttering between On and 
“off” states. 

The oscillator output voltages at R33 and R42 are used to 
drive Q3g and Q3q into limiting so that as the burst amplitude in- 
creases the oscillator activity to around 700 mV (p-p), there will 
be no change in the oscillator output amplitude at_pin 13. Q3g and 
Q39 are used as current sources with a 180° phase difference for 
the differential pairs Q39 and Q31, Q3q and Q37. A small 
capacitor attached externally to Q39 collector adjusts the total 
phase difference to 135°. Since the signal appearing in the load 
resistor R54 will be the vector sum of 031 and Q37 signals, 
varying the base bias of 239 and Q34 will change the oscillator 
Output phase over the 135° range. Q4g and Qq 1 buffer the 
oscillator output providing a low impedance drive at pin 13 for 


. the demodulator. 


To minimize crosstafk between the burst and chroma channels, 
separate bias chains are used. Further, the oscillator bias chain 
is zener regulated to prevent phase shifts in the reference output 
with power-supply variations. 
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_ Advance Information _. TV COLOR PROCESSING 


CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


TV COLOR PROCESSING CIRCUIT 


The MC1399 contains a chroma IF amplifier with automatic 


chroma control, color killer, linear de chroma control, and a phase , . 
lock loop subcarrier regenerator system followed by adc hue control. 
16 ‘ 
High Gain Automatic Chroma Control (ACC) 1 
High Gain Phase Lock Loop Subcarrier Regenerator System P SUFFIX 
Color Killer with Externally Defined Threshold PLASTIC PACKAGE 
Critical Design Parameters Externally Adjustable CASE 648 


Linear dc Chroma Control 

DC Hue Control with Well Defined Range and Center. 
Internal Gating for Color Burst 

Built-In Supply Regulator 

Compatible with Most Existing Demodulators ~ 


ORDERING INFORMATION 
Temperature 
Device Range Package 


MC1399P - ~20 to +75°C Plastic DIP 


FIGURE 1-— MC1399 BLOCK DIAGRAM 


Gating Pulse 


Oscillator 
Amplifier 


This is advance information and specifications are subject to change without notice. 
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MC1399 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


[Rating Value dt 
Power Supply Current 
Horizontal Pulse Input Current ‘ 


°C 
Operating Ambient Temperature Range -20 to +75 % 
Storage Temperature Range j} -65 to +150 


Minimum Load Resistance (Pins 11, 13) ee ee ee ee 


\ 


ELECTRICAL CHARACTERISTICS See Test Circuit, Figure 5. (All Switches in Position 1 Unless Otherwise Noted.) 
Regulated Voltage (Vc) (Pin 12) 


Load Regulation (Pin 12) (Vcc from +22 V to +26 V) 
APC Set Up Voltage (R2) 
ACC Set Up Voltage (R1) 0.57 


Chroma Control Output Voltage 
($1 Position 2) , 
($1 Position 3) 
(ST Position 4) 
Oscillator Output 
(S2 Position 2) 
($2 Position 1) 
(S2 Position 3) 
Oscillator Output Phase (Referred to Chroma Output Pin 13) 
($2 Position 1) 
($2 Position 2) 
(S2 Position 3) 


Deg. 


Automatic Chroma Control (ACC) 
Chroma Output for Input of: 
+6.0 dB (360 mVp-p Burst) vi 
Vv 


~-14 dB (36 mVp-p Burst) 


Deg. 

Deg. 
PP. 
pp 


@) MOTOROLA Semiconductor Products inc. 
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ACC OUTPUT(%) 


TYPICAL DESIGN CHARACTERISTICS (Figure 5) 
[Characteristic 0 typ Unit | 
Input impedance Pin 2 : : kQ 
pF 
Pin 7 ka 


pF 
Pin 9 ; kQ 


oF 


PPM/°C 


Output Impedance Pins 6, 11, 13 


%/Volt 
mV/Degree 


GAIN (%) 


20 40 60 80 .100 120 140 160 180 200 220 240 260 280 0 20 40° 60 80 100 120 
INPUT SIGNAL 100% = 180 mVp.p Burst DC VOLTAGE AS % OF SUPPLY ON CHROMA CONTROL ARM 


FIGURE. 4 — TINT CONTROL CHARACTERISTICS 
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@) MOTOROLA Semiconductor Products Inc. 
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140 


MC1399 - 


FIGURE 5 — DYNAMIC CHARACTERISTIC TEST CIRCUIT 


orizontal 
Pulse 


Pe ee 
“(hye 7 


47k 
390 k** 


Oscillator Output 


3.58 MHz Crystal 
: 24 Vde 


A ork T 25V 


Set-Up: Apply 6 us, 15.734 kHz Horizontal Pulse 3 Vp-p, Centered on Burst. 
hs Adjust APC Control for 3.579545 MHz with No Chroma Input. 
Apply NTSC 75% Bar Chart, (Luminance, Sync and Set-up Removed) 
and Adjust ACC Controi for 2.5 Vp-p Red Bar at Chroma Output. 


*1% Resistor Tolerance 
** Determines ACC loop gain, see Figure 2. 
***Vajue determined by crystal. _ . 


@) MOTOROLA Semiconductor Products inc. 
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BEL-Z 


*2U] SZONPOAd 40} 2NPUOZQKNUZS YVIOUO.LOW Ww) 


225 
24V 0 : 12k 
120 k 3w 
oa Duo-Watt 
; 100 pF 
Video 1k T 220 
Detector = 
a oe 
3.3k 
To Service 
= Switch and 225 
Video Driver 
47 110 pF 12k 
120k 93” 
pF Duo-Watt 
= 68pF* pF 2.7 k BF 100 pF 
510 " 4 aro ne 1k P i: 220 
3.58 MHz 33078 = == = 
Crystal 2k 2k pF 22410 uH : g 
0.01 4 3 3.3k 
18k UF 4 ; ad 5 : 
—_ 36 = To Service 
2 me T pF 6 i G Switch and 
100 Vp-p = = = O ~ Video Driver 
22k — 220 =. as : 


k ; zs : 
H ; 10 7 
| 0.1 HF : 
: 150 a 5.6 k " 0.01 HE . 225 


12k 
20 Vip-p) . : O 120k 3w 


if 
‘9 
°o 
8 
._— 
ot 
a 


“ov j l 68k 470 
: O ‘ 82 pF 
, 0.1 
Duo-Watt 


2.2k 
= 100 pF 
1k T 220 
100 13 = 

24 vo ete a 

0.7 MF O 
a 14 

y 4 0 6 


= To Service 
100 Switch and 


0.1 HF 
3.6 k T 61 2? oe pF T ‘a 39 pF Video Driver 


* Determined by crystal, 
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ORDERING INFORMATION 
Device Temperature Range Package 
MC3310P 0°C to +75°C Plastic DIP 


eS rree en WIDE-BAND AMPLIFIER 


. designed for FM/IF and low-level audio applications. SUNCTIONE CIR NOR: 


@ High Audio Gain — 60 d8 minimum 
Useful as a Microphone Amplifier and in Tape Recorders and 
Cassettes 
@ Excellent Performance as a 10.7 MHz FM/IF Amplifier 
@ High Transconductance (gm) Ideally Suited to Low Impedance 
Ceramic Filters 
CASE 626-03 


Formerly MFC4010A in Case 206A Package 


FIGURE 1 — FM/IF AMPLIFIER’ 


Input 
10.7 MHz 


50 Ohms 
Clevite 
FM4 


Filter 


L1-5.4uH ; 
36 Turns, #30 AWG Wire Wound on 1/4” Stug Tuned  —— i 7 
Form, Tapped 8 Turns from Ground End. 
Stug: T.H. Material 1/4” Dia., 1/2’ Length 
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MC3310 


MAXIMUM RATINGS (T, ='25°C unless otherwise noted). 


7 


‘(Package Limitation) 
- Derate above 25°C 


XN 


ELECTRICAL CHARACTERISTICS (Vcc = 6.0 Vdc, Tp = 25°C unless otherwise noted). 


Characteristic ; 


Open Loop Voltage Gain (Figure 3) 
(f = 1.0 kHz) 

h Parameters( 1) 
(f = 1.0 kHz) 


Output Noise Voltage (Figure 3) 
(BW = 20 Hz to 20 kHz, Rs = 1.0 k ohms) 


Power Gain (Figure 1) 
ein = 0.1 MVRMS) ; 
Noise Figure (Figure 1) , 
. (Rg = 740 Ohms) 
y Parameters( 1) 1.3 + 51.5 
(f = 10.7 MHz, Ip = 2.0 mA) -3.4 + j8.1 
‘ -0.33 + j0.68 


(1) Device only, without external passive components. 


FIGURE 3 — AUDIO TEST CIRCUIT | 
ae . Vcc 


Select: Vec..Eg, and lo 

Solve for: Ru = (Veco - Eg)/lo 
Let: R2 = 5(0.74)/lo 

Then: - R1= R2(EQ_ -0.74)/0.74 
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| TYPICAL CHARACTERISTICS 
AUDIO PERFORMANCE CHARACTERISTICS *TAPE PREAMPLIFIER PERFORMANCE 


(for Test Circuit Figure 3)- (for Circuit Figure 2) 
FIGURE 5 — VOLTAGE GAIN versus FREQUENCY: , FIGURE 7 — RECORD VOLTAGE GAIN versus FREQUENCY 
— +30 
TTT) so} 
= +25 
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= wu +20 
4 
SEITE TH} ec HH 
w g S +15 Ay 500 Hz = 30 dB 
SUL : 
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: 2M CT TY ‘la 
= 45.0 A 
Qo 
> TUM | UME HI 
eal He TET TE 
ae eal 
10. 40 100 400 1.0k- 40k 10k 40k100k 400k1.0M4.0MI0M 0.02 0.05 0.1 03°05 10. 3.0 50 10 
FREQUENCY (Hz) FREQUENCY (kHz) 
FIGURE 6 — VOLTAGE GAIN versus POWER SUPPLY FIGURE 8 — PLAYBACK VOLTAGE GAIN versus FREQUENCY i 
| a a 
3 +20 vl N | 
2 
g = LM Ko ihe 
$3 o +15 /| 
: 2 HIN LU 
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: a poe 
< > 
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3 mi *5.0 
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2 TH LN ett 
2 = 
ao 
=z 


0.02 0.05 0.1 03 05 #1 hs aE 5.0 ° 10 


SUPPLY VOLTAGE (VOLTS) : , FREQUENCY (kHz) 


Note: 

The record/playback characteristics shown in Figures 8 and 9 
were taken with the preamplifier driven by a 50 ohm source. The 
curves are typical of a desired response for the preamplifier; how- 
ever, every type of tape recording and playback head is different 
and this circuit will not necessarily satisfy all requirements. No par- 
ticular tape head was used as a basis for circuit design. The circuit 
is only an example showing the equalization network configuration. 

The ideal preamplifier will have an input impedance approx- 

_ imately 10 times the highest impedance of the tape head and every | 
preamplifier circuit must be designed using a test tape, to verify 
the response of the design. 
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¥21-FORWARD TRANSFER ADMITTANCE (mhos) 


(\GEv Eee 


"POWER GAIN (a8) 


¥11. INPUT ADMITTANCE (mmhos) 


10.7 MHz y PARAMETERS 


FIGURE 9 — INPUT ADMITTANCE ; FIGURE 10 — REVERSE TRANSFER ADMITTANCE 
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PIN 2 CURRENT (mA) PIN 2 CURRENT (mA) 
FIGURE 11 — FORWARD TRANSFER ADMITTANCE : FIGURE 12 — OUTPUT ADMITTANCE 
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one 
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P 10.7 MHz PERFORMANCE 
(Circuit of Figure 1) 
FIGURE 13 — POWER GAIN versus SUPPLY VOLTAGE FIGURE 14 — VOLTAGE TRANSFER CHARACTERISTIC 
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Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of ittustrating typical serniconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 


necessarily. given. The information has been carefully checked and license under the patent rights of Motorola inc. or others. 
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ORDERING INFORMATION 


Device Temperature Range Package 
XC3315P * —40°C to +85°C Plastic DIP 


| Advance Information | 


FREQUENCY-TO-VOLTAGE CONVERTER 


This monolithic frequency-to-voltage converter uses a frequency 
doubling technique prior to integration in order to provide a low 
output ripple. 


® Threshold and hysteresis of input comparator programmed with 
single external resistor — 


@ Pulse-width programmed with external capacitor 
® Output voltage proportional to supply voltage 
@ Zero frequency output voltage provided for use as reference 


BLOCK DIAGRAM 


Vcc : Cc 
© 


14 : 12 11 


Frequency | 
Doubling 
Circuit 
6 its tntegrator 
omparato! . [Amplifier 


. . . \ 
This is advance information and specifications are subject to change without natice. 
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FREQUENCY-TO-VOLTAGE 
CONVERTER 


MONOLITHIC SILICON — 
INTEGRATED CIRCUIT | 


PLASTIC PACKAGE 
CASE 646 


PIN CONNECTIONS 


~XC3315 


MAXIMUM RATINGS (Tg = +25°C unless otherwise noted) 


ating SS*d yt ae id 
[vonaseatRnPin 7) SSSSSSC*d Sr Ye 
[Sensor input Vottage i Ve 
7 

Ta 

we 


Junction Temperature 0 te 
Operating Temperature Range . ae ee -40 to +85 
Storage Temperature Range eae ~65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 9.0 Vdc, Vay = +1.0 Vde, Ta = +25°C unless otherwise noted) 


~symbot [Min | typ [wax [Unk 
Geen he a ee ee 


Amplifier (Norton Type) f i 
Open Loop Voltage Gain : ; 
Input Bias Current 
Output Current 

Source Capability 


- 66 - dB 
= - nA 


AVOL 
IT} 


'source mA 


Sink Capability Isink mA 
Output Voltage 

High Voltage VOH 

Low Voltage VoL 
Unity Gain Bandwidth BW 


Phase Margin eM 


Zero Frequency Reference Voltage 


Reference Voltage VRet 
Current Sink Capability Isink 
Current Source Capability lsource 
Reference Matching to integrator Amplifier VRefloffset) 


CIRCUIT INFORMATION 
INPUT SPECIFICATIONS : 


with a single resistor to ground. If greater accuracy is 


‘Threshold of Input Comparator desired, the voltage at terminal Ry can be forced with a 


The trip point of the input comparator is pro- resistor divider to a reference voltage such as a regulated 
grammed by adjusting the voltage at the terminal Ry. supply. For proper circuit operation, the threshotd should 
This threshold is symmetric about the zero signal level be greater than +50 mV, but fess than +500 mV corres- 
-and can be determined with the design equation: Vth = ponding to programming voltages of 400 mV to 4.0 volts 
VRH/8. A 50 vA + 30% current source is provided at at terminal Ry. The options for programming the input 
‘terminal R}4 such that the thresholds can be programmed _ threshold are illustrated below. 


- au  -R2 (R1) (R2) 
IR . +1—-—— ) 


Vth == Vth = 1/8 (Voc : 
8 R1+R2 RI+R2 


= 50 BA + 30% 


aa 
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Maximum Input.Amplitude at Pin 13 


_ To avoid false failure indication during the peak swing 
of the sensor signal, the voltage at Pin 13 must remain at 
least one volt above ground and one voit below Vcc. 
This implies that the peak sensor amplitude be less than 
% Vcc-1 volts. To accomplish this the input filter, 
RS-CS, should be adjusted accordingly. 

To avoid damage to the IC the voltage at the input 
Terminals: S$, and SC should not swing more than 16 
volts above their % Vcc bias level. External resistors 
should guarantee that the clamp current sourced by the 
IC at S1 or S2 does not exceed 1.0 mA. 


TIMING CIRCUIT SPECIFICATION 


; The voltage on the capacitor at terminals (Pin 12) are 

ramped upward and downward to produce pulses of 
current for integration at twice the input signal fre- 
quencies. The pulse widths can be adjusted by adjusting 
the capacitor using the relationship: 


Pulse width ~ 


210us_ _ 
6.003 uF 70 ™s/HF 


To avoid saturating the converter at high frequencies 


the pulse widths should be less than where fmax 


2fmax . 
equals the maximum input signal frequency. 
ONE POLE INTEGRATOR DESIGN 


To obtain a single pole at the frequency Wo an 
external resistor and capacitor should be connected as 


‘ ‘shown in Figure 1. 


After adjusting the gain of the converter with the 
resistor RI (RI = 100 kQ), the capacitor Cl should be _ 
chosen such that: : 

1 
RICI 


Wo = 


FIGURE 1 — ONE POLE INTEGRATOR 
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TWO POLE INTEGRATOR DESIGN 


To obtain two real and equal poles at the frequency 
Wo using the circuit shown in Figure 2 proceed as follows: 


1. Set integrator gain with resistor R4 (R4 = 100 kQ2). 
2. Choose R3 and C2 from the equation: 
Woes R3+.R4 
2 (R3) (R4) (C2) 


ACCURACY SPECIFICATIONS 


The tachometer has been designed to provide accurate 
frequency trip points when used with the comparator 
- circuit shown in Figure 3. , 
For this purpose the tach output must be described 
by the equation: , 


Vo=K (Vcc - 9Ref) f + Ref 


where K = converter gain constant 
f = frequency of sensor signal 


The accuracy and linearity of the converter can be 


FIGURE 2 — TWO POLE 


Note:Let R3 < 5.0 kQ to avoid saturating the 
current source at terminal A. 
3. For real and equal poles let: 
C5 = 4 (R3) (R4) (C2) 
(R3 + R4)2 


INTEGRATOR 


determined by how well the tach characteristics fit this 
equation. Using measured values of Vo, VCC, @ Ref, and 
f the gain constant K can be calculated at various operat- 
ing points. The converter accuracy can be expressed as 
the percent change in K due to supply voltage, tempera- 
ture, and frequency variations. The following tolerances 
are typical. 


Variation in gain with supply voltage 


(average for 6.0 V to 16 V operation) +0,.5%/Vo!lt 
Variation in gain with frequency 
(linearity from 50 Hz to 2.0 kHz) £1% 


‘Variation in gain with temperature. 


(-40°C to +85°C) £1% 
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FIGURE 3 — COMPARATOR CIRCUIT FOR ACCURATE FREQUENCY TRIP POINTS 


V Ref = (Voc - 8 Ret) + OReF 


R2 
R1+ R2 


TYPICAL APPLICATION 


TACHOMETER 
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TYPICAL CIRCUIT WAVEFORMS ~ 


Input 
From 
Sensor 


Output 
of 
Comparator 


Voltage 


on 
Capacitor - 


Current © 
Pulses to 
Integrator 


Output 
Voltage 


THERMAL INFORMATION 


The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply 
can tolerate at a given operating ambient Semperature, can currents at the worst case operating condition. 


found from the equation: ; 
Pesrouneie Se a _T TJ(max) = Maximum Operating Junction Temperature 
TJ(max) -TA ds listed in the Maximum Ratings Section 
RoJA(Typ) “Ta = Maximum Desired Operating Ambient 


Where: Po(Ta) = Power Dissipation allowable at a given ‘Temperature 


Operating ambient temperature. This must be greater than Rg salTyp) = be ae ag Resistance Junction to 


PD(Ta) = 


(MA) MOTOROLA Semiconductor Products Inc. 


7-148 


ORDERING INFORMATION 
Device Temperature Range Package 


XC3316P -40 to +85°C - Plastic DIP 
XC3317P -40 to +85°C Plastic DIP 


Advance Information 


DUAL FREQUENCY-TO-VOLTAGE CONVERTER 


This monolithic dual frequency-to-voltage converter uses a fre- 
quency doubling technique prior to integration in order to provide a 
low output ripple. High select, low select and fail indication outputs 
are available with the XC3317 only. 


@ Two independent channels 


@ Threshold and hysteresis of input comparators programmed for 
both channels with single external résistor 


Pulse-width programmed with external capacitor for each channel 
Output voltages proportional to supply voltages 

Zero frequency output voltage provided for use as reference 

Fail check indication for open sensor (XC3317 only) 


Hi and low select outputs with less than 100 mV offset from actual 
output voltage (XC3317 only) 


BLOCK DIAGRAM 


Cy ; Ay 


CH 1 
Frequency 
Doubling 
Circuit 


Zero 
Frequency 


Voltage Ref 


CH2 
Frequency 
Doubling 
-Circuit 


VRe 


Bo 


XC3316 
XC3317 


DUAL 
FREQUENCY-TO-VOLTAGE 
CONVERTER 


MONOLITHIC SILICON 
INTEGRATED CiRCUIT 


XC3316 
P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


XC3317 

P SUFFIX 
PLASTIC PACKAGE, 

CASE 701 


O Output 1 


O Output 2 


Shaded Areas Are Included With The XC3317 Only 


This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (T, = +25°C uniess otherwise noted) 


OO 
[Operating Voltage Ranged Vor | dv 
i ON SN LT 
Gc A CS NN ES 
ae ee eee ees ee 
ea a 6 
Poe fees renal 


Operating Temperature Range ~40 to +85 
Storage Temperature Range -65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = +9.0 Vdc, VRH = +1.0 Vdc, Tp = +25°C unless otherwise noted.) 


; Characteristic. | Symbot | 
a 


Amplifiers (Norton Type) 

Open Loop Voltage Gain 

Input Bias Current 

Output Current 
Source Capability 
Sink Capability 

Output Voltage 
High Voltage 
Low Voltage 

Unity Gain Bandwidth 

Phase Margin 

Output Terminal Specifications 

Hi Select Output 
Offset From High Channel Output Vio 
Current Source ‘Capability 
Current Sinking Capability 

Lo-Select Output 
Offset From Lower Channel Output Vio 
Current Source Capability 
Current Sink Capability 

Failure Indication Output 
Failure Indication Resistance ; REAIL 
Normal Resistance 
Current Sink Capability 

’ Zero Frequency Reference Voitage 

Reference Voitage VRef 
Current Sink Capability Isink 
Current Source Capability : ‘source 
Reference Matching to Integrator Amplifiers VRef(offset) 


tsource 
'sink 


‘source 
Isink 


Rnorm 
_ 'sink 


PIN CONNECTIONS 


XC3317 
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CIRCUIT INFORMATION 


INPUT SPECIFICATIONS 


Thresholds of: Input Comparators 


The trip points of the input comparators are pro- 
grammed for both channels by adjusting the voltage at 
the terminal Ry. These thresholds are symmetric about 


the zero signal level and can be determined with the 


design equation: Vinh = VRH/8. A 50 vA + 30% current 
source is provided at terminal RH such that the thres- 


IR 
Vth =— 
8 


t= 50 BA + 30% 


Maximum Input Amplitude at $1 and S2 


To avoid false failure indication during the - peak 
swing of the sensor signal, the voltage at terminals S1 
and S2 must remain at least one volt above ground and 
one volt below Vcc. This implies that the peak sensor 
amplitude be less than % Vcc-1.0 volts. To accomplish 
this the input filters, RS1-CS1 and RS2-CS2, should be 
adjusted accordingly. 

To avoid damage to the IC the voltage at the input 
terminals $1, S2, and SC should not swing more than 16 
volts above their % Vcc bias level. The fail check circuit 
will not allow $1 or S2 to go below ground, but external 
resistors should guarantee that the clamp current 
sourced by the !C at S1 or S2 does not exceed 1.0 mA. 


SENSOR FAILURE CHECK SPECIFICATIONS 


“Open Sensor Check 


Resistors ROQ1 and RO2 pull S1 and $2 respectively to. 


holds can be programmed with a single resistor to 
ground. !f greater accuracy is desired, the voltage at 
terminal Ry can be forced with a resistor divider to a 
reference voltage such as a regulated supply. For proper 
circuit operation, the thresholds should be greater than 
+ 50 mV, but less than + 500 mV corresponding to 
programming voltages of 400 mV to 4.0 volts at terminal 
RH. The options for programming the input thresholds 
are illustrated below: 


R2 (R1) (R2) 
+ | nn) 


Veh = 1/8 (Voc 


R1+R2 R1+R2 


ground if a sensor opens. This trips a fail check compara- 
tor on the IC and drives the FAIL terminal output to 
its high state (high impedance). Let RO1, RO1 <200 kQ. 


TIMING CIRCUIT SPECIFICATION 


The voltages on the capacitors at terminals C1 and C2 
are ramped upward and downward to produce pulses of 
current for integration at twice the input signal fre- 
quencies. The pulse widths can be adjusted by adjusting 
the capacitors using the relationship: 


bales Hine 90 Mele 
ulse wi ~ jog ae ms/}t 


To avoid saturating the tach at high frequencies the 


pulse widths should be less than where fmax 


Pree iem 
2 fmax 
equals the maximum input signal frequency. 
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ONE POLE INTEGRATOR DESIGN After adjusting the gain of the tach with the resistor 
To obtain a single pole at the frequency Wo, an ex- Ri(Rj = 100 kQ2), the capacitor ss should be chosen 

ternal resistor and capacitor should. be connected as such that: 

shown below. 


~O Channel One 
Output 


TWO POLE INTEGRATOR DESIGN. 


To obtain two real and equal poles at the frequency Note: Let R3 < 5.0 kQ to avoid saturating the 
Wo using the circuit shown below proceed as follows: current source at terminal A. 
3. For real and equal poles let: 
1, Set integrator gain with resistor R4 (R4 = 100 kQ2). C5 = 4(R3)(R4)(C2) 
2. Choose R3 and C2 from the equation: (R3 + R4)2 
Wo = R3+ R4 ; 
2(R3)(R4) (C2) 


O Channel! One 
Output 


= 
I 
| 
l 
| 
l 

es 
l 
Z| 
4 
l 
| 
_ 
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ACCURACY SPECIFICATIONS 


The tachometer has been designed to provide accurate 
frequency trip points when used with the comparator 
circuit shown below. 

For this purpose the tach output must be described by 
the equation: 


Vo = K (VCC > Ref) f + ORef 
where K = tachometer gain constant 
f = frequency of sensor signal 


. = : 
The accuracy and linearity of the tach can be deter- 
mined by how sel the tach characteristics fit this 


COMPARATOR CIRCUIT FOR ACCURATE FREQUENCY TRIP POINTS 


equation. Using measured values of Vo, VCC, ORef, and 
f the gain constant K can.be calculated at various operat- 
ing points. The tachometer accuracy can be expressed as 
the percent change in K due to supply voltage, tempera- 
ture, and frequency variations. The following tolerances 
are typical. 


Variation in gain with supply voltage 
(average for 6.0 V to 16 V operation) +0.5%/Volt 
Variation in gain with frequency 


(linearity from 50 Hz to 2.0 kHz) +1% 
Variation in gain with temperature 
(-40°C to +85°C) +1% 


TYPICAL APPLICATION : 


DUAL WHEEL VELOCITY TACHOMETER 
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. TYPICAL CIRCUIT WAVEFORMS 


Input ~ 
From 
Sensor 


Output 
of 
Comparator 


Capacitor 


Current 
Pulses to 
integrator 


Output 
Voltage 


®) MOTOROLA Semiconductor Products inc. 


7-154 


XC3316, XC3317 


*Z jouueYo 404 parweotjdnp ANDO LO ‘LE ‘LW ‘LOLS ‘e 

son £0 = 380 6 oz 

“LLEEOW ULM Ajuo algeifene szndyno jeg pue ‘Mor ‘IH *E Z 
7SOlON 

Wd g Hy 


ae | 
iW 
C1): | 
coke yy : 
ao | ): aa fe 
mor , 
J @ < ; 399A 
* ry 4 
O : A : 


PUA Oo. 


$2 O- 


CY A 


to 18 OW Lo ‘s 
- DLLVAHOS LINDYID 


@) MOTOROLA Semiconductor Products ine. 


7-155 


ORDERING INFORMATION 


Device Temperature Range Package 


nme Seu Gee PDIP _ 'M¢3320P 
MC3321P 


MC3321P ~ =10°C to +75°C Plastic DIP 


_SILICON MONOLITHIC 


... designed as preamplifiers and driver circuits for complementary | EU NCTIONAL Reis 


output transistors. 


Driver for Auto Radios — and up to 10-Watt Amplifiers 
High Gain — 7.0 mV for 1.0 Watt, Ry = 3.2 Ohms 
High Input Impedance — 500-Kilohm Capability 
Output Biasing Diodes Included ; 
No Special hFE Matching of Outputs Required 
Formerly MFC8020A and MFC8021A in 

Case 644A Package 


MAXIMUM. RATINGS (T, = +25°C unless otherwise noted.) 


ee ee PLASTIC PACKAGE 
. 
% 


[=o 75 
a) eee 


FIGURE 1 — CIRCUIT SCHEMATIC 


MC3320, MC3321 


ELECTRICAL CHARACTERISTICS (Tg = +25°C unless otherwise noted) (See Figure 2) 


; . Characteristic | Min] 


Drain Current (ejq.= 0) 
(Vcc = 30 Vde) MC3320P 
(Vcc = 14 Vde) MC3321P 
Sensitivity (Po = 1.0 Watt, f = 1.0 kHz) 
(eg = 8.95 VIRMS), Ry = 165 &) » MC3320P 
(eg = 3.2 VIRMS), Ry = 65 &) MC3321P 
Totat Harmonic Distortion (f = 1.0 kHz) 
(Voc = 30 V, eg = 8.95 VIRMS), Ry = 165 2) | MC3320P 
(Vcc = 14 V, eg = 3.2 VIRMS), Ry. = 65 Q) MC3321P 
Open-Loop Gain i 
(Vcc = 30 V, Ry = 165 2) MC3320P 
(Vec = 14 V, Ry =65 Q) MC3321P 
Ripple Rejection 
(f = 60 Hz, Ay = 100, ej, = 0, Power Supply 
Ripple = 1.0 V(RMS) 
Equivalent Input Noise 
(ein = 0, Rg = 1.0 kQ, BW = 100 Hz — 10 Hz) 
Quiescent Output Voltage (ej = 0) 
(Vcc = 30 V) : MC3320P 
(Vcc = 14 Vv) MC3321P 


FIGURE 2 — TEST CIRCUIT 


Voc THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 


. 100 uF 
pis als eee 6 , ~ TJ(max) -TA 
10 uF 1N4002 a PD(Ta~) = “Ra latlvo) (T j 
-—) 4 or equiv aooue . OJAI‘ YP 


Where: PD(Ta) = Power Dissipation allowable at a given 

Operating ambient temperature. This must be greater than 

RL fe. the sum of the products of the supply voltages and supply 
currents at\the worst case operating condition. 


TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 


: Temperature 
510 pF 0.1 we Re jA(Typ) = Typical Thermal Resistance Junction to 
T op Ambient ‘ 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any : 


necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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TYPICAL AUTO RADIO AUDIO APPLICATIONS and CHARACTERISTICS 


(Tp = +25° unless otherwise noted.) 


FIGURE 3 — APPLICATION CIRCUIT FOR MC3321P* 


14 V 


R4. 270 k 


FIGURE 5 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


nal dite i 
CTT ees eT 
AGEs a ET 
a0 ae | 
iT on ee ee 


a 
te 


too 200 500 10k 20k 5.0k 10k 20k 
FREQUENCY (Hz) 


TOTAL HARMONIC DISTORTION(%) 


Sensitivity for 1 watt = 7.2 mV 


. FIGURE 4—TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 


TOTAL HARMONIC DISTORTION (%) 


0 18 2.0 3.0 40 5.0 6.0 70 8.0 
OUTPUT POWER (WATTS) 


FIGURE 6 — FREQUENCY RESPONSE 


OUTPUT POWER (dB) 


: 0 100 200 500 10k 20k §.0k 10k 20k 50k 
FREQUENCY (Hz) 


APPLICATIONS INFORMATION for MC3321P 
(AUTO RADIO AUDIO) 


The MC3321P combines ail the voltage gain required for an 
automotive radio audio amplifier into one package reducing the 
circuit-board area requirement. The circuit shown in Figure 3 
has an input sensitivity of approximately 7.2 millivolts for a one- 

- watt output. Sensitivity can be adjusted by changing the value of 
Raq. The circuit performance is. a function of the output device 
he¢, as shown in Figure 4. Figure 4 can be used to determine the 
minimum hee of the output transistors. The bandwidth of the 
amplifier is determined by the capacitor, C1. !f C4 is increased to 
390 pF the high frequency 3.0 dB point is typically 20 kHz. 


* Differences may be found in idle current when matching this 
device to various output transistor types. It is suggested that a 
10k potentiometer be placed between Pins 1 and 4 in series 
with a 100 Ohm resistor. This will allow for a reduction in quiescent 
current. Care should be taken not:to allow the idle current to fall 
below 1 mA to avoid crossover distortion, 


% 
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' TYPICAL 10-WATT AMPLIFIER APPLICATION AND CHARACTERISTICS 


(fa = +25°C unless otherwise noted.) 


FIGURE 7 — APPLICATION CIRCUIT* 


FIGURE 8 — TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 


10-Watt Amplifier 
Rp =4.7kQ 
Re ~ 0.33 Q + 
Vec = 30 V 


TOTAL HARMONIC DISTORTION (%) 


10-Watt Amplifier 
*Select : 
we ‘Select G1 — MJE521 or equiv 
Q2 — MJE371 or equiv 


0.5 1.0 2.0 6.0 10 20 
; OUTPUT POWER (WATTS). — 

(Select C1 to provide desired bandwidth. 

C1 = 47 pF minimum) 


FIGURE 9 — TOTAL HARMONIC ’DISTORTION . . 
versus FREQUENCY : FIGURE 10 — FREQUENCY RESPONSE 


OUTPUT POWER (dB) 


TOTAL HARMONIC DISTORTION (%) 


50° (100=— 200 500 10k 20k 50k 10k 20k “20 50 100 200 500 10k 20k 50k Wk 20k 
FREQUENCY (Hz) , FREQUENCY (Hz) 


APPLICATIONS INFORMATION for MC3320P © 
{10 Watt Amplifiers) ; 


The MC3320P is a high-voltage device capable of driving 
10 Watt audio amplifiers. The gain of the circuit shown in Figure 7 
changes when the value of R4 is varied and the bandwidth is 
determined by C1. Emitter resistors are required at the higher 


voltages used for 10 Watt audio amplifiers to provide thermal _ Pp = Maximum power dissipation of transistors 
stability. The value of Re is a function of the heatsink thermal (This occurs at about 60% of maximum output power) 
resistance and supply voltage. The heatsink requirements for oper- ~ 6.0 W for 10 W, 7.2 W for 12 W 

ation at +65°C (with both devices mounted on the same heat- Ta = Maximum ambient temperature 


sink) is about 14°C/W for the 10-Watt amplifier. If the maximum 
ambient operating. temperature is reduced then the heatsink can 
be reduced in size as calculated by 


Ty- (05S) Py - Ty 
6SA = 2 


, Pp * Differences may be found in idle current when matching this 
uitiste device to various output transistor types. [t is suggested that a 
: : 10k potentiometer be placed between Pins 1 and 4 in series 
OSA = Heatsink thermal resistance with a 100 Ohm resistor. This will allow for areduction in quiescent 

T= Maximum junction operating temperature - current. Care should be taken not to allow the idie current to fall ‘ 


. : below 1 mA to avoid crossover distortion, 
6JS = Junction to heatsink thermal resistance : : 


(includes all surface interface components for thermal 
resistance such as the insulating washer) 
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Advance Information 


AUTOMOTIVE VOLTAGE REGULATOR 


.. . designed for use in conjunction with an NPN Darlington transis- 
tor in.a floating field alternator charging system. ‘ 


@ Overvoltage Protection 


® Shut-Down on Loss of Battery Sense 


@ Selectable Temperature Coefficient 


@ Available in Chip Form for Hybrid Assembly 


CIRCUIT SCHEMATIC 


. Thisis advance information and specifications are subject to change without notice. 
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~ MC3325 


AUTOMOTIVE 
VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
TO-116 


PIN CONNECTIONS 


Output Drive 
Adjust 


Over Voltage 
Sense 


Battery Sense 
Loss Detect 


Battery Sense | 5 | 


. % 
Battery Sense | 6 | 
Battery Sense 


ORDERING INFORMATION 


MC3325P -~40 to +85°C° Plastic DIP 


MC3325 


MAXIMUM RATINGS 


Current Into Pins 5,6, and 7 : '1S5,6,or7 


[Curent inoring id 
[Current imopiné Sid’ 

[Guirent mo in? SiS 

[Current into Fin® Si YA 
[Teurenttmoring ————SSCSC~iSCCi Sid 

[Current inte Fin 1dr | 80 

[ dunetion Temperature «dt ty 8 

[Operating Temperature Range +t ta 


“B50 +180 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise specified.) 


Battery Sense Loss Detect: Threshold Voltage at Pin 4 
(tq < 400 wA, Figure 2) 


Overvoitage Sense: Threshold Current Into Pin 3 
(Figure 2) 

Overvoltage Sense: Threshold Voltage at Pin 3 ; V3 6.7 
(lg < 400 wA, Figure 2) : : f 


Output Drive Adjust: Voltage Drop from Pin 2 to Pin 10 
(Ig = 10 mA, Figure 3) 
Low State Output Voltage at Pin 10 


(Ig = 12 mA, lg = 120 mA, Figure 4) 
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MC3325 


TEST CIRCUITS 


FIGURE 1 FIGURE 2 


FIGURE 3 ‘ _ ~ FIGURE 4 
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MC3325 


R1 


R5 


R4 


R3 


oO 


FIGURE 5 — APPLICATION CIRCUIT 


To To 
Battery Diode Trio 


D1 
1N4003 


Power Darlington 


To 
» Aiternator 
Field 


Ground 


*Note: The temperature coefficient of the battery voltage sense terminal is determined by the number of diodes used in 
the diode string (i.e., whether Pin 5, 6, or 7 is used). The approximate temperature coefficient for a diode at 1.0 mA is 
-2.0 mv/°C, and for a zener diode it is +3.0 mV/°C. Counting from ground (see circuit schematic) we have -2.0 mV for 
Q5, -2.0 mV for 04, +3.0 mV for 21, -8.0 mV for DS thru D8, and an additional -2.0 mV each for 09 and 010 if used. 
The total temperature coefficient can be varied from approximately -9.0 mv/°C to -13 mVv/P°C depending on the number 
of the diodes in the diode string that are utilized. 


APPLICATIONS CIRCUIT {INFORMATION 
(See Figure 5) , 


Determines the temperature coefficient by setting 
the value of current in the diode string. As the 
value of R1 decreases, so does the effective TC. R1 
should be chosen so that the current in the diode 
string is between 0.5 mA and 1.0 mA. 


This resistor determines the Veg voltage as defined 
by the following equation: 


_ RS R5 
Vreg = (1 + Ry) 84+ (n+ FD 10.7) 


n = number of diodes used in diode string 
(4<n <6) 


Used as a current limiting resistor on Pin 4 in case 
of an open battery voltage sense lead. 


Used as a current limiting resistor on Pin 3 in case 
of overvoltage at the diode trio. Voltage at Pin 3 
will run approximately 7.5 volts. R3 should be 
chosen so that the current (13) at. maximum over- 
voltage is between 2.0 mA and 6.0 mA. 


R2 


R6 


_R7 


Ct, 


C2 


This resistor determines the output drive current. 
Refer to specifications for the darlington driver 
and select the value for R2 that will provide 
enough drive to the output when the diode trio 
voltage is at a minimum. 


Vimin -2.8V 
IDrive* “a2 +600 


This resistor in conjunction with R3 is used to set 
the maximum overvoltage. 


+R 
Maximum overvoltage = Age a6 (7.5) 
_ RE 
Used for compensation 


(Approximately 3.0 kQ) 


Used for compensation: 
(Approximately 0.01 uF) 
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ORDERING INFORMATION 


Device Temperature Range Package | 
MC3330P 0°C to +75°C Plastic DIP 


Di FFERENTIAL/CASCODE AMPLIFIER 


... designed for applications requiring differential or cascode amplifiers. 


Extremely Flexible Amplifier 
Diode Available for Biasing 
Economical 8-Pin Dual In-Line Package 


Formerly MFC8030 In Case 644A Package 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Supply Voltage 


tnput Differential Voltage 


Power Dissipation @ T, = 25°C 
(Package Limitation) 
Derate above 25°C 


Substrate 


MC3330 


DIFFERENTIAL/CASCODE 
AMPLIFIER 


SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626-03 


‘MC3330 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


ein = 1.0 Virms) 50 
@ 1.0kHz 


AC Common-Mode Rejection | 


&4-5 = &o 


(ein) 


CMR = 20 log 77) 


Differential-Mode Voltage Gain 


(eg4) 


Ay Diff = 20 jog tale (eal 


(ein = 1.0 kHz, 1.0 mV[rms}) 
(ein = 10 MHz, 1.0 mV[rms) } 
(ej, = 50 MHz, 1.0 mV[rms] ) 


Cascode-Mode Voltage Gain 


(e (894) 
Ay Cascode = 20 tog 7-— (ein) 


(ein = 1.0 kHz, 1.0 mV[rms) } 
(@)n = 10 MHz, 1.0 mV[rms) } 
(ein = 50 MHz, 1.0 mV{rms) } 


Vo Diff <50 mv 


Input Offset Voltage 


DC Current Gain Match 
(tg1 = Io2) 


7-165 


VARI-DWELL 
IGNITION CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


VARI-DWELL IGNITION CIRCUIT 


P SUFFIX 


PLASTIC PACKAGE 
. . . designed for. use in conjunction with a flux averaging sensor and CASE 646 


a high energy ignition coil to provide regulated current pulses to 
the coil from information supplied by the sensor. 


Wide Supply Voltage Operating Range (4 to 24 V) 

Externally Adjustable Overvoltage Shutdown . ir eeneeien: 
Externally Adjustable Dwell Time and Spark Energy 

Extremely Stable Output Current Pulses 


Variable Input Threshold Compensates for Low Supply 
Voltage Conditions ; 


®@® Low Static Current Drain 


@ Also Available in Flip-Chip (MCCF3333) and Standard Chip 
(MCC3333) Form , 


- 


ORDERING INFORMATION 


Temperature . 
Device Range Package 


-40 to +85 ‘Plastic DIP 


FIGURE 1 — BLOCK DIAGRAM 


\ Vcc 


3 
Pump Up 
Follower 5 


Hysteresis 
Ciamp, Bias and 


References 


Current Sense 
and Regulator 


MC3333 


MAXIMUM RATINGS 


Power Supply Voltage Steady State Vcc 24 Vde 
(Through 400 Q, see Fig. 2) Pa 
Transients of 300 ms or less 90 ; 
Peak Output Sink Current : IS(PEAK) fae ee 
Junction Temperature eee ee ee ee 
Operating Ambient Temperature Range 


Storage Temperature Range 


S2 Turn On (measure Vg9 ramp 
value at P1 switch point.) 
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MC3333_ 


FIGURE 3 — TYPICAL APPLICATION CIRCUIT 


@ 1000 Hz | 
15 VAMS 


Ignition Coil 
Primary Impedance 
0.432. Inductance 
‘75-8.5MH@5A 


MJ10012 


7 | * ees 


All resistor values are in Ohms and are 
1/4 Watt rating unless otherwise specified. 


Values are typical only. . 


: Notes: . 
ys ‘4. The ratio of Ra to Rg controls the ignition coil regulated current: 


es Ra.+ Rpg “i ; 
IcoiL ™ 3.6 oS Rat RepY¥1k2 
B 


The ratio of Rp to R¢ sets the over-voltage shutdown point with respect to B+. 


Bot Rp oe 
’ Btovervoltage.~ 8 ee Ré+ Rp © 10 kQ 


Re is active region dwell control. Re = 70 kQ results in output current limit time of approximately 
_ 10% at 1000 RPM (with respect to one distributor cycle in an 8 cylinder engine). Values less than 

70 kQ, lengthen this Jimit time and values higher shorten this limit time. 

The 0.1 uF capacitor at pin 4 may be eliminated and stability maintained. A readjustment of the 


Ra and Rg resistors will be required. ; 
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ORDERING INFORMATION 


Device Temperature Range Package 
_ MC3340P- 0°C to +75°C Plastic DIP 


MC3340P 


ELECTRONIC ATTENUATOR 


ELECTRONIC ATTENUATOR 
SILICON MONOLITHIC 


INTEGRATED CIRCUIT 
Designed for use in: 


DC Operated Volume Control 


Compression and Expansion Amplifier 
Applications 


Controlled by DC Voltage or External Variable Resistor 
Economical 8-Pin Dual In-Line Package 


Formerly MFC6040 in Case 643A Package 


VIN PVcc 

Control q DVO 
Gnd q > Rolloff 

NC 4 p> NC 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Dissipation @ Tq = 25°C PLASTIC PACKAGE 


CASE 626 


Derate above T, = 25°C 


Remotely 
Located 
Potentiometer 


MC3340 


ELECTRICAL CHARACTERISTICS (e;, = 100 mV (RMS), f= 1.0 kHz, R1=0, Vec = 16 Vde, Ta = +25°C unless otherwise noted.) 


Operating Power Supply Voltage 


Contro! Terminal Sink Current 2 mAdc 
{ein = 0) ; 


Maximum Input. Voltage 


Attenuation Range 
(Ro = 33 k ohms) 


° 


Total Harmonic Distortion (Pin 2 Gnd) 
(jn = 100 mV (RMS), eg =. Ay x ejn) 


FIGURE 2 — CIRCUIT SCHEMATIC 


O Rolloff 


7 
O Output 


Control 


38 1 Input 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, . assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola tnc. or others. 
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MC3340 


ATTENUATION (dB) 


VOLTAGE GAIN (dB) 


TYPICAL ELECTRICAL CHARACTERISTICS 
(Voc = 16 Vde,.Ta = +25°C unless otherwise noted.) 


"FIGURE 3 — ATTENUATION 
versus DC CONTROL VOLTAGE 


3.5 4.0 45 5.0 5.5 6.0 
V2, CONTROL VOLTAGE (VOLTS) 
; \ p 


FIGURE 5 ~ FREQUENCY RESPONSE 


14 

ma 

12 

10 

mail | \ 
8.0 input voltage (ejn) = 10 mV /\ 
CO rat CETL 
LUI TT] 
“COMETH 

\ 

: Hn CET if 

| 

100 1.0k 


FREQUENCY (Hz) 


_ FIGURE 7 — TOTAL 


FIGURE 4 — ATTENUATION 
versus CONTROL RESISTOR 


ATTENUATION (dB) 


Rc, CONTROL RESISTOR (k OHMS) 


FIGURE 6 — OUTPUT VOLTAGE SWING 


OUTPUT VOLTAGE SWING (Vp-p) 


Wk 180 k 1.0™M 10” 100 M fi ) é 14 


SUPPLY VOLTAGE (VOLTS) 


HARMONIC DISTORTION 


TOTAL HARMONIC DISTORTION (%) 


ATTENUATION (8) 
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ORDERING INFORMATION 


” Devi Temperature Range Package eo ee 
NCEE ae See Aaa a a MC334 6 
MC3386P —40°C to +85°C Plastic DIP ; on 

Ce sie muichce chemo M3386 


ONE DIFFERENTIALLY-CONNECTED GENERAL-PURPOSE 
_ PAIR AND THREE TRANSISTOR ARRAY 
ISOLATED TRANSISTOR ARRAY ; ae . 
: SILICON MONOLITHIC 
: INTEGRATED CIRCUIT. 


The MC3346 and MC3386 are designed for general-purpose, 
low power applications for consumer and industrial designs. 
@ Guaranteed Base-Emitter Voltage Matching 
@ Operating Current Range Specified — 10 uA to 10 mA 
©@ Five General-Purpose Transistors in One Package 


MAXIMUM RATINGS - 


Collector-Base. Voltage : VcsBo ; 
} Emitter-Base Voltage ; : | Veg | P SUFFIX 
PLASTIC PACKAGE 


CASE 646 


Total Power Dissipation @ Ta = 25°C. 
Derate above 25°C 
_ Derate Each Transistor @ 25°C 


Operating Temperature Range -40 to +85 
-65 to +150 . 


MC3346, MC3386 


STATIC CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(Ic = 10 wAde) 
Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc) | 
Collector-Substrate Breakdown Voltage 
(le = 10 uA) 
Emitter-Base Breakdown Voltage 
(tg°= 10 nAdc) 
Collector-Base Cutoff Current 
(Veg = 10 Vde, te = 0) 
DC Current Gain 
(I¢ =10 mAdc, VcgE = 3.0 Vdc) 
(Ic = 1.0 mAdc, VcE = 3.0 Vdc) 
(Ic = 10 Adc, Voce = 3.0 Vdc) - 
Base-Emitter Voltage 
(VcE = 3.0 Vde, ig = 1.0 mAde} 
(Vc_E = 3.0 Vdc, le = 10 mAdc) . 
Input Offset Current for Matched Pair Q1 and Q2 
(Voce = 3.0 Vde, Ig = 1.0 mAdc) | 


Magnitude of Input Offset Voitage 
(Veg = 3.0 Vde, tc = 1.0 mAdc) 


Temperature Coefficient of Base-Emitter Voltage 
(Vee = 3.0 Vde, Ic = 1.0 mAdc) 


Temperature Coefficient 


DYNAMIC CHARACTERISTICS 
Low Frequency Noise Figure / 
(VcE = 3.0 Vde, Ic = 100 nAdc, Rg = 1.0k2, 
f= 1.0 kHz) ; 

Forward Current Transfer. Ratio 
(Voce = 3.0 Vde, ![¢ = 1.0 mAdg, f = 1.0 kHz) 
Short-Circuit Input Impedance 
(VcE = 3.0 Vac, I¢ = 1.0 mAdc) 
Open-Circuit Output impedance 
(VcE = 3.0 Vde, Ic = 1.0 mAdc) 


| Forward Transfer Admittance 
(Vce = 3.0 Vde, Io = 1.0 mAdc, f = 1.0 MHz) 
Input Admittance . 

(Vee = 3.0 Vde, I¢ = 1.0 mAde, f = 1.0 MHz) 
Output Admittance ° 
(VcE = 3.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) 
Current-Gain — Bandwidth Product 
(Vog = 3.0 Vde, Ic = 3.0 mAdc) 
Emitter-Base Capacitance 
(Veg = 3.0 Vdc, le = 0) 
Collector-Base Capacitarice 
(Vcg = 3.0 Vdc, Ic = 0) 
Collector-Substrate Capacitance - 
(Vicg = 3.0 Vde, Ic = 0) 


Collector-Emitter Cutoff Current ; 
(Veg = 10 Vdc, 1g = 0} 
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MC3346, MC3386 


TYPICAL CHARACTERISTICS 


FIGURE 1 — COLLECTOR CUTOFF CURRENT 
versus TEMPE RATURE (Each Transistor) 


topo, COLLECTOR CUTOFF CURRENT (nAdc) 


IAN 
TENN 
NCATE 
CANCE LINY 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — INPUT OFFSET CHARACTERISTICS FOR 


Q1 and Q2 


110. INPUT OFFSET CURRENT (uAde) 


02 03 
Ic, COLLECTOR CURRENT (mAdc) 


0.02 0.03 0.05 0.1, 


110 


CURRENT 


Icgo, COLLECTOR CUTOFF CURRENT (nAdc) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 — COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 


FIGURE 4 — BASE-EMITTER AND INPUT OFFSET 


VOLTAGE CHARACTERISTICS _ . 


Vpe, BASE-EMITTER VOLTAGE (VOLTS) 


05 07 10 


FIGURE 5 — DC CURRENT GAIN 


ig, EMITTER CURRENT (mA) 


| hee LL 
ral 


o o —) 


r=) 
Vig, }NPUT-OFFSET VOLTAGE (mVdc) 
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~ ORDERING INFORMATION | 
Device — Temperature Range Package 
MC3360P . ~=40°C to +75°C Plastic DIP 


_-MC3360P 


1/4-WATT AUDIO AMPLIFIER 1/4-WATT AUDIO AMPLIFIER 


. | SILICON MONOLITHIC 
. +. designed for the output stage of battery-powered portable radios. : FUNCTIONAL CIRCUIT 


250 mW of Audio Output Power 
Low Standby Current: — 3.5 mA typical 
» Low Harmonic Distortion ; 
Reduces Component Count in Portable Radios . 


“Formerly MFC4000B Packaged in Plastic Case 206A. 


~|MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) PLASTIC PACKAGE 
ve 
Power Supply Voltage =” : cs “Vde 
Power Dissipation (Package Limitation) 


7) “Watts 
Derate above Tq = +25°C ae 10 mw/°Cc 


Operating Ambient Temperature Range’ -10 to +75 


TYPICAL APPLICATION 


MC3360P 
Audio 
Amplifier 


Mixer 
Oscillator 


PUSS Sage ee? , aa, © ys 


MC3360 


ELECTRICAL CHARACTERISTICS* (Voc = 9.0 Vde, Ry = 16 Ohms, Ta = +25°C unless otherwise noted.) 


Zero Signal Current Drain 


Sensitivity mV(RMS) 
Po = 250 mW(RMS) . 


Output Power : mw (RMS) 
Total Harmonic Distortion < 10% : 

Total Harmonic Distortion % 
Po = 50 mW(RMS) ‘ ; 
Po = 50 mW(RMS), Vcc = 6.0 Vde ; 


“As measured in test circuit shown in Figure 1. 


FIGURE 1 — TEST CIRCUIT 


Audio 
‘Oscillator 


4.7 k 90-0033 MF 


0.005 nF 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirety reliable. However, no responsibility is 
of illustrating typical semiconductor. applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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MC3360 


TOTAL HARMONIC DISTORTION, % 


CURRENT DRAIN, mA 


TOTAL HARMONIC DISTORTION versus OUTPUT POWER 


FIGURE 2 — Vcc = 9.0 Vde st FIGURE 3 — Vec = 6.0 Vde 


TOTAL HARMONIC DISTORTION, % 


10 “20. 30 50 100 200 300 © 500 1000 3.0 «5.0 10 20-30 50 190 200 300 


QUTPUT POWER, mW(RMS) OUTPUT POWER, mWirms) 


‘FIGURE 5 — TOTAL HARMONIC DISTORTION 
FIGURE 4 — CURRENT DRAIN versus OUTPUT POWER versus SUPPLY VOLTAGE 


TOTAL HARMONIC DISTORTION, % 


10 +2 30 60 100 200 300 900 1000 0 20 4.0. 6.0 8.0 
OUTPUT POWER, miW(RMS) V1, SUPPLY VOLTAGE (VOLTS) 
FIGURE 6 — TYPICAL CIRCUIT APPLICATION 
SN wie ihe Oo here t ee a, Rn 


5.0 uF : 


or Equiv. 


33 k 
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ORDERING INFORMATION | 
Device Temperature Range Package 
MC3380P OC to +75°C Ss Plastic DIP 


EMITTER COUPLED ASTABLE MULTIVIBRATOR 
With Programmable Pulse Width and Current- 
Controlled Pulse Repetition Rate 


The MC3380P is a monolithic device designed for use as a general 
building block in control and power supply applications. — 

Its extremely flexible design makes it useful in dc-dé converter 
applications and power supply regulator circuits. Its fixed pulse 
width, variable frequency mode of operation makes it useful in 
switching regulator applications with either fixed or variable loads. 
This device is capable of stepping up (Figures 5 and 9) or stepping 
down (Figure 14) dc input voltages, and can produce regulated 
multiple output dc voltages of either positive or negative polarity 
(Figure 14).. 

This device can also be used as a frequency source when config- 
' ured as a multivibrator. 


As a DC-DC Converter — 
Differential Line Regulation (Figure 9) — 
=1V (Max) @Vcc=3to75V — 
As a Power Regulator — 
Load Regulation (Figure 5) — 
0.2% (Typ) @ Pp = 1 to 3 Watts 


. Asa Multivibrator — 


High Toggle Frequency = 100 kHz (Typ) : 


: FIGURE 1 — CIRCUIT SCHEMATIC 
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Mc3380P 


EMITTER COUPLED 
ASTABLE 
MULTIVIBRATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 


CASE 626 


Voitage 
Div. 

Frequency 
Control 1 

Frequency 
Control 2 


Frequency 
Comparator 


6 | Feedback 


Oscillator 
Output 


MC3380P 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C, Vcc = 5.0 Vdc, unless otherwise noted.) : ay 


a oe ae oe 


EMITTER-COUPLED ASTABLE MULTIVIBRATOR 


Rise Time 
(C= 0,0034 pF,R1 = R2= 10k, f= 100 kHz, Figure 4) 


Fall Time — 
(C= 0.0034 wF,R1=R2= 10k2,f= 100 kHz, Figure 4) 


Toggle Frequency 
(C= 0.002uF, R1= R2= 10k, Figures 2, 3, 4) 
3-WATT REGULATOR 


Power Efficiency (Figure 5) 
(Vo = 200 Vde @ 15 mAdc) 


Load Regulation (Figure 5) 
(Pout < 3.0 W) 


Line Regulation (Figure 5) 
(Vcc =4.0 -6.0 Vdc) 


Output Voltage (Figure 5) 


Output Current. (Figure 5) ; 
Supply Voltage (Figure 5). 
Supply Current (Figure 6) : 
(lpg = 0, Ry = =): 
Output Voltage High (Figure 6) 


(ig = 2.0 mA, leg = 250zA) 
(19 = 25 MA, teg = 250 nA) 


(19 = -1.0 mA, Eg =.600 HA) 
[ontine | 
; . (Figure 7) 
| 


DC - DC CONVERTER 


Zener Bias Current (Figure 10) P 

(Vcc = 5.0 Vde, Vg > 2.4 Vde) leBi 

(Voc = 5.0 Vde, Va < 0.4 Vde) leg2 : 
Output Current (Figure 11); : 

(Veco = 5.0 Vde) © oo 
Output Resistance (Figure 12) i) 150 

(Voc = 5.0 Vde, ig = -1.0 mA) . : 
Shutdown Voltage (Figure. 13) 

(Vo < 0.5 V) Vec 

Ve ‘ 


Suppiy Voltage (Figure 9) ; ene oe 
Differential Line Regulation (Figure 9) 4Vreg 
- (AVee = 3.0 to 7.0 Vdc) 
Voltage Efficiency (Figure 9) _ 
(Veg = 5.0 Vde, Eff(%) = (Vgut2/(3.3 &) (ice) (Vee) 


Feedback Voltage (Figure 9) 
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MC3380P 


FIGURE 2 — TYPICAL CAPACITANCE FIGURE 3 — TYPICAL DUTY CYCLE 
versus FREQUENCY “ / and FREQUENCY CHARACTERISTICS 
aid es a == sy) aa RE aes ER lg 
== + eee Ne aE: 
=. ] 
== i ca ee 
100 kHz Lp aN TWEE at RO, ee REET imac, 
os = roo | Frewueney | | || 
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2 10 kHz beled 360 ee ee 5.0 
== eo 
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f bop = ar eee ee 
1.0 kHz =p} — ees es ee es ee 
—+— Duty Cycle a 
-—+— 10 jou Cree {| 1.0 
100 4 59 ___1 05 
0. 1.0k 2.0k 50k : 10:k 


CAPACITANCE (pF) Ri, RESISTANCE (OHMS) 


FIGURE 4 — ASTABLE MULTIVIBRATOR TEST CIRCUIT 


Vref for System 


IN4937 


Q2 - 
2N6495 


T1—FERROXCUBE PotCore _ 
#2213P-L00387 (6 mil gap) 

Np — 8 Turns #22 AWG 

Ng — 80 Turns #26 AWG 


2N4401 


3-Watt Switching Regulator - converts 5 V to 200 V for gas discharge displays such as Burroughs Panaplex and Beckman. 
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FREQUENCY (kHz) 


MC3380P 


FIGURE 6 — STATIC TEST CIRCUIT : _ FIGURE 7 — DYNAMIC TEST CIRCUIT 


toff 
FIGURE 8 — SWITCHING WAVEFORMS AT Q2 
Collector Current and Voltage Waveforms of 2N6495 (Q2) From Figure 5 

= = 
z 
R < 
“ 
9 
2 
2 
> 
£ 
w 
©) 
> 

10 us/div 
FIGURE 9 — TYPICAL APPLICATION IN 3-25 V 
DC-DC CONVERTER CONFIGURATION - 
2N4401 
1N3601 7 
3-7 V ‘ O+25 V 
Vo 


Notes: ; MZ92-27C 
1. Ali resistor vaitues in ohms, + 1%, 1/4 W 

2. All capacitor vatues in uF, = 20%, except * + 5%. 
3. Allinductors + 4%. 
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3 \ 


DC -DC CONVERTER TEST CIRCUITS : 


é 


FIGURE 10 — ZENER BIAS CURRENT TEST FIGURE 11 —~ OUTPUT CURRENT TEST 


Vec : Vec 


FIGURE 12 — OUTPUT RESISTANCE TEST 


Vee 


Vout 


“{Note: ro = 
( 2 ITmA 


FIGURE 13 — SHUTDOWN VOLTAGE AND TEST 
(NOTE: Decrease Voc unti! Vo < 0.5 V) 


Vcc 


MC3380P 


FIGURE 14 — TYPICAL APPLICATION AS MULTIPLE OUTPUT SWITCHING REGULATOR FOR USE WITH MPU’S 


tN5850A 
500 


HE 
50 V 


820 


MC3380 PS-U06 
q 2N6495 _ 
i a 


MDA920-2 


Atl =MC1741CP1 


T1: W1=30 Turns of #26 AWG 

W2.=5 Turns of #20 AWG 

WS3 = 3 Turns of #26 AWG 

W4 = 12 Turns of #26 AWG " 
FERROXCUBE Pot Core #3019P-_00-3B7 
Air Gap = 0.010” 


IM102ZS3 
10V 
3% 

1Ww 


TYPICAL PERFORMANCE 
Pout1 = 4 Watts 
(V9 =5V £ 5%) 
5:'V Ripple Component = 50 mV 
(120 Hz + 20 kHz) 
Pout2 = 600 mW . 
(Vo = 12 V t 10%) 
Pout3 = 3 mW 
{Vo =-3 V + 10%) 
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PHASE LOCKED LOOP FREQUENCY SYNTHESIZER 


The MC3390 is a phase locked Joop frequency synthesizer de- 
signed specifically for single crystal, Class-D citizen band radio appli- 
cations. By utilizing recently developed circuit techniques, the IC 
incorporates high speed and high density logic in combination with 
standard linear functions. and is processed with the same techniques 
and materials common to the Motorola low-cost consumer linear 
IC line. 


®@ Developed Specifically for Class-D Citizen Band Radio Applica- 
tions 


@ Targeted for Low Cost, High Volume Requirements 
® Directly Compatible with the New 40 Channel Frequency Alloca- 
tion 
Requires Only One Crystal to Generate Al! Transmit and Receive 
Frequencies 


Compatible with the MC3391 Remote Controller and Display 
Driver 


A Low-Cost Binary Coded Switch Can Be Used Directly for 
Channel Selection 


© Compatible with Digital Display Techniques 
@ Linear Compatible 121. Is Utilized for Optimum Cost Effectiveness 
® Designed for Double or Single Conversion Receivers 


MC3390 
Synthesizer 


This is advance information and specifications are subject to change without notice.: 
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M3390 


PHASE LOCKED LOOP 
FREQUENCY SYNTHESIZER 
FOR: 

CITIZEN’S BAND RADIO > 


P SUFFIX | 
PLASTIC PACKAGE 
CASE 724 


ORDERING INFORMATION 


Temperature 
Range Package 


MC3390P 40 to +85 Plastic DIP 


Channel 


Indicator 


Product Preview 


REMOTE CONTROLLER 
AND 


DISPLAY DRIVER 
FOR 
CITIZEN’S BAND RADIO 


REMOTE CONTROLLER AND DISPLAY DRIVER 
FOR CITIZEN’S BAND RADIO 


The MC3391 is a remote controller and display driver IC designed 
to be used in conjunction with the MC3390 frequency synthesizer 
for Class-D citizen’s band radio applications. 

The MC3391 provides the user the capability of incremental 
stepping from one channel to another by merely engaging a push 
-button switch. Last channel! memory is provided during power 
switch off conditions. The IC also provides the decoding and drive 
required by seven-segment light emitting diode or liquid crystal 
displays for channel number indication. It is fully compatible with 
the new 40 channel! frequency allocation. 


P SUFFIX 


PLASTIC PACKAGE 
CASE 724 


ORDERING INFORMATION 


Temperature 
eee Range Package 


|mcasoip P --40 to +85 Plastic DIP 


TYPICAL APPLICATION 
40 Channel CB Transceiver with remote and manual control capability and LED/LCD display 


MC3390 
Synthesizer 


Exciter 


MC3391 
Controller and 
Display Driver 


This is advance information and specifications are subject to change without notice. 
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- TDALL90Z 


; Advance Information | 


TV SOUND SYSTEM 
TV SOUND SYSTEM 


SILICON MONOLITHIC 


The TDA1190Z 4.0 watt sound system is designed for television INTEGRATED CIRCUIT 


and related applications. Functions performed by this circuit include: 
IF Limiting, IF amplifier, tow pass filter, FM detector, DC volume 
control, audio preamplifier, and audio power.amplifier. 


@ 4.0 Watts Output Power 
(Vcc = 24 V, RL = 16 2) 


Linear Volume Control 
High AM Rejection 


e 
r) 
@ Low Harmonic Distortion 
r) 


High Sensitivity : 
PLASTIC PACKAGE 
CASE 722A 


‘ BLOCK DIAGRAM 


PIN CONNECTIONS 


Regulated IF Input ,_]10 16[7 > Deemphasis 


Power Power 


Supply Amplifier 


Low-Pass ie FM 
Filter Detector 


Phase Shift € $7 


DC Volume []8 
Control 


oc. 
Volume 
Control 


ORDERING tNFORMATION 


This is advance information and specifications are subject to change without notice. 
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TDA1190Z 


MAXIMUM RATINGS | | | 


Output Peak Current, (Non-repetitive) 
(Repetitive) 


Operating Temperature Range 


Junction Temperature 


Quiescent Output Voltage (pin 11) 
Voc =24V 
Vec=12V 
Quiescent Drain Current 
(P1 = 22 kQ) 
Vec = 24V 
Voc = 12V 
Output Power 
(d = 10%, fr, = 400 Hz) 
Voe = 24V, Ry = 162 
Vec =12V,R_ =8.0 2 
. (d = 2%, fy = 400 Hz) 
Voc = 24V, RL = 162 
Voc = 12 V, Ry = 8.0 Q 
Input Limiting Threshold Voltage (-3.0 dB) at pin 1 
Af = £7.5 kHz, frm = 400 Hz, Py =0 


Distortion 
(Po = 50 mW, fry = 400 Hz, Af = £7.5 kHz) | 
Voc = 24V, Ry, = 16 2 
Voc =12V,R_ =802 


Frequency Response of Audio Amplifier (-3.0 dB) 
(Ri = 16 2, C49 = 120 pF, C79 = 470 pF, Py = 22 kQ) 
Re =822 ; 70 to 12k. 
Re = 472 : 70 to 7.0 k 


Recovered Audio Voitage (pin 16) 
(Vj) > 1 MV, fry = 400 Hz, Af = +7.5 kHz, Pq = 0) 


Amplitude Modulation Rejection 

(V; > 1.0 mV, fp, = 400 Hz, m = 30%) ; 
Signal and Noise to Noise Ratio 

(Vj > 1.0 mV, Vo = 4.0 V, frm = 400 Hz) 


External Feedback Resistance (between pins 9 and 10) 


Input Resistance (pin 1) : ; 
(Vj = 1.0 mv) 


Input Capacitance (pin 1) 
(Vy = 1.0 mv)- 
Power Supply Rejection Ratio 
(R= 4.0 &, frippte = 100 Hz, P1 = 22 k) 


DC Volume Control Attenuation ; 
(P17 = 12 kQ) . 


(S) MOTOROLA. Semiconductor Products Inc. 
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TDA1190Z 


Qg=60 .: 
fo = 4.5 Mhz 


: Regulated 
7 Power 


Supply 


Ceramic 
Filter 


TEST CIRCUIT 


OVcc 


a) 
100.nF c14 
DL Diooursss v 


C7 .C12 c10 
9.0 pF 470 pF 120 pF 


“ou 
1000 nF/16 V 


Volume 
Py 
22 kQ 

lin, ; 
50 nF/16 V 


C4 
50 HF/16 V 


Filter’ Detector 


bc 
Voiume 
Control 


0 to 70°C 


MC1410 
MC1422 
MC1438 
MC1445 


' MC1454 


MC1455 
MC1464 
MC1494 
MC1495 
MC1496 
MC1733C . 


MC3405 
MC3423 
MC3426 
MC3456 
MLM565C 
NES592 


MC1510 
MC1538 
MC1545 
MC1550 
MC1552-53 


-MC1554 


MC1555 


MC1590 
MC1594 


- MC1595 


MC1596 
MC1733 


MC3505 
MC3523 


MC3556 


SE592 


OTHER LINEAR CIRCUITS 


Temperature Range 
-55 to 125°C 


Other 


MC3344 : 
MC3370 


Page 
ideo Amplifier... ....... nego a erie ee 8-6 
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High Frequency Amplifiers | 


A variety of high-frequency circuits with features ranging from low-cost simplicity to multi- 
function versatility marks Motorola’s line of integrated RF/IF amplifiers. Devices described here are 
intended for industrial and cummunications applications. For dévices especially dedicated to con- 
sumer products, i.e., TV and entertainment radio, see page 7-3. 


NON-AGC AMPLIFIERS 


SE/NE592 — Differential Two Stage Video Amplifiers 


A monolithic, two state differential output, wide- 
band video amplifier. It offers fixed gains of 100 
and 400 without external components and ad- 
justable gains from 400 to O with one external 
resistor. The input stage has been designed so that 
with the addition of a few external: reactive ele- 
ments between the gain. select terminals, the 
circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit 
ideal for use asa video or pulse amplifier in 
communications, magnetic memories, display and 
video recorder systems. 


MC1733/MC1733C — Video Amplifier 


Differential input and output amplifier provides 
three fixed gain options with bandwidth to 120 
MHz. External resistor permits any gain setting 
from 10 to 400 v/v. Extremely fast rise time (2.5 
ns typ) and propagation delay time (3.6 ns typ) 
makes this unit particularly useful as pulse ampli- 
fier in tape, drum,.or disc memory read applications. 


MC1552/MC1553 — Low Distortion Amplifier 


Extremely high performance . amplifier with 
internal series feedback for stable voltage gain and 
low distortion. Temperature compensation stablizes 
operating point. Has selectable gain option and 
well characterized data that permits dccurate 
response shaping. Useful ‘for critical applications 
such as wideband linear amplifiers or fast-rise pulse 
amplifiers. 


MC1510/MC1410 — General-Purpose Differential 
; Amplifier 


Differential amplifier with flat response to 40 MHz. 
Provides excellent performance and simple design 
for most video and communications purposes. 


PACKAGE STYLES 


MATERIAL 


SUFFIX 
after type number 


AGC AMPLIFIERS 


MC1550 — Low Cost Building Block 


Single-stage cascade connected amplifier with 
delayed AGC characteristics, for operation at 
frequencies to 100 MHz. Has typical power gain of 
25 dB @ 60 MHz. 


MC1545/MC1445 — Gated 2-Channel Input 


Differential input-and output amplifier with gated 
2-channel input for a wide variety of switching 
purposes. Typical 75 MHz bandwidth makes it 
suitable for high-frequency applications such as 
video switching, FSK circuits, multiplexers, etc. 
Gating circuit is useful for AGC control. 


MC1590 — Wide-Band General Purpose 
Has differential inputs and outputs with unneu- 
tralized power gain as high as 35 dB typical at 100 
MHz in tuned amplifier service. Effective AGC 
voltage range from 5‘ to 7 volts for a 30 dB gain 


reduction. 
Vec/ | 
VEE 
+125°C +75°C Vdc Case 


ELECTRICAL SPECIFICATIONS 
AGC AMPLIFIERS 
jwcrsso_| - | zamin__22| _+6/- | soas,oe 
4Typ @ 100 
: : _ 632 


mc1733 | mc1733c | 52 @ 40 | +6/-6 
ie 90 
2 120 
4 4o_[+e/-6 | 601__| 


MC1510 MC1410 
MC1653. 
MC1552 


Operating 
Temperature Range 
-55 to 0 to 


Band 


L ‘ 


‘ 


Special Purpose Circuits 


The linear-integrated-circuits listed in this section were developed by Motorola for the system 
design engineer to fill special-purpose requirements. Temperature ranges and package availability are 
tailored to provide price/performance versatility. : 


/ 


LINEAR FOUR-QUADRANT MULTIPLIERS 


MC1594/1494 
This device is designed for use where the output 
voltage is a linear product of two input voltages. 
Typical applications include: multiply, .divide, 
square root, mean square, phase detector, fre- 


quency doubler, balanced modulator/demodulator, 


electronic gain control. 

The MC1594/MC1494 is a variable transconduc- 
tance multiplier with-internal level-shift circuitry 
and voltage regulator. Scale factor, input offsets 
and output offset are completely adjustable with 
the use of four external potentiometers. Two 
complementary regulated voltages are provided to 
simplify offset adjustment and improve power- 
supply rejection. 


MC1595/MC1495 
Similar to the MC1594/1494, but without internal 
level shift and voltage regulator circuits. 


BALANCED MODULATOR-DEMODULATOR 


MC1596/MC1496 
Designed for use where the output voltage is a 
product of an input voltage (signal) and a switching 
function (carrier). Typical applications include 
suppressed carrier. and amplitude modulation, 
synchronous detection, FM detection, phase 
~ detection and chopper applications. 


TIMING CIRCUITS 


MC 1555/MC 1455/MC 1422 i” 
These devices are highly stable timing circuits 
capable of producing accurate time delays or 
oscillation. Additional terminals are provided for 
triggering or resetting if desired. In the time delay 
mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For a stable 
operation as an oscillator, the free running fre- 
quency and the duty cycle are both accurately 
controlled with two external resistors and one 
capacitor. The circuit may be triggered and reset 
on falling waveforms, and the output structure 
can source or sink up to 200 mA or drive MTTL 
‘circuits. Timing from Microseconds through Hours. 
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The MC1422 has variable threshold level, adjust- 
able externally. 


Timing Error (typ) 


MC1555 0.5% 

MC1455 1.0% 

MC1422 1.0% 
MC3556/MC3456 


Dual Version of the MC1555/MC1455 


Operating 
Temperature Range 
~55 to +125°C 0 to +70°C 


; 602A, 632 
602A, 632, 646 


GROUND FAULT INTERRUPTED CIRCUITS 


- MC3426 
(Latching) 

This circuit provides ground fault and grounded 
neutral‘ protection for 120 VAC, 15 and 20 Amp. 
lines. Useful in wall socket and circuit breaker 
applications. , 
® Trip Times in Accordance with U.L. 
@ High-Noise Immunity 
@ Resistance to False Tripping 
® Minimum Trip Leakage Current-5 +.mA 
@ Trips for Neutral Gnd. Resistance > 2 


OVERVOLTAGE PROTECTION CIRCUIT MONOLITHIC DUAL OP AMP. DUAL 


COMPARATOR 
MC3423/MC3523 
Protects ‘sensitive electronic circuitry from over MC3505/MC3405 
voltage conditions by short circuiting the supply This device contains two differential input opera- 
current when an overvoltage occurs. This causes tional amplifiers and two comparators each set 
circuit breaker to trip or fuse to open. capable of single suppty operation. This operational 


®@ Adjustable Threshold Voltage 
@ Adjustable Energy Threshold 
@ Remote Activation 

® Activation Indication 


amplifier-comparator circuit will find its applica- 
tions as a general purpose product for automotive 
circuits and as an industrial “building block’’. 

@ Op Amp Equivalent in Performance to MC3403 
© Comparator Similar in Performance to MLM339 


POWER CONTROL CIRCUITS © Op Amps are {Internally Frequency Compensated’ 
, @ Supply Operation 3.0 Volts to 36.0 Volts 
MC3370 @ Dual Supply Operation also Available 


Electronic switch foe triac triggering applications. 
Features zero-crossing detector to eliminate RFI, 
differential input with dual sensor inputs, input 
open and short protection, and built-in regulator 
permitting AC line operation. 


PACKAGE STYLES 


MATERIAL 


“SUFFIX 
after type number 
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ORDERING INFORMATION 
‘Device Temperature Range - Package 


MC1410G 0°C 10 +75°C ~-~*Metal Can Pe MC1410 
Mc1510 


MC1510G —55°C to +125°C —-—- Metal Can 


WIDEBAND VIDEO AMPLIFIER 


VIDEO AMPLIFIER: 


“SILICON MONOLITHIC 


. designed for use as a high-frequency. differential amplifier with 
INTEGRATED CIRCUIT 


éparating characteristics that provide a flat frequency response from 
de to 40 MHz. 


@ High Gain Characteristics 
Ay = 93 typ 
@ Wide Bandwidth — de to 40 MHz typ 


@ Large Output Voltage Swing 

4.5 Vp-p typical @ +6.0 V Supply 
@ Low Output Distortion 

THD < 1.5% typ 


G SUFFIX 
METAL PACKAGE 
CASE 601 


FIGURE 1 — VOLTAGE GAIN versus FREQUENCY 


BREAHi vec=6ovee | | | 


Veg = -6.0 Vde 


Av(se). VOLTAGE GAIN (48) 


(Top View), 


500 i L 
f, FREQUENCY cana 


REPRESENTATIVE CIRCUIT SCHEMATIC FIGURE 2 — LIMITING CHARACTERISTICS 


Vcc = +6.0 Vde 
Vee = -6.0 Vde 


Vo, OUTPUT SIGNAL (Vp-p) 


20°. 40. 66 80. 100 120 140° 160 
Vin, INPUT SIGNAL (mVp-p} 


MC1410, MC1510 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above Tg = +25°C 


Operating Temperature Range 
* MC1410 
MC1510 


Characteristic 


Single Ended Voltage Gain 


Output Impedance 
(f = 20 kHz) 


Input Impedance 7a 
(f = 20 kHz) ) 


Bandwidth (~3.0 dB) 


Output Voltage Swing (Single Ended) 
(f= 100 kHz) 


Single Ended Output Distortion _ ‘THD 
(@jp < 0.2% Distortion) 


Input Common Mode Voltage Range 


Common Mode Voltage Gain 
(Vin = 0.3 V rms, f = 100 kHz) 


Common Mode Rejection Ratio CMRR 


Input Bias Current 


to +4 
(ie- i 5 2] , Differential Output = 0 


input Offset Current 
Mio = 14 -t2) 


Ss 
o 
2 


Output Offset Voltage Voo(DM) 
Differential Mode (Vin = 0} 
Vooi(cm) 


Common Mode (Differential Output = 0) 
Step Resporise i 


tTTHL 
~ tPHL-APLH 
tTLH 
AVi9/AT 


Average Temperature Coefficient of 
Input Offset Voltage 
(Rg = 50 2, Ta = Tigw” to Thigh**) 
(Rg < 10k 2, Ty = Tiow to Thigh) 


DC Power Consumption : : 
(Power Supply = +6.0 V) , : 


Equivalent Average !nput Noise Voltage 
(f= 10 Hz to 500 kHz, Rg = 0) 


poo 


aot é 


*Tiow = 0°C for MC1410 **Thigh = +75°C for MC1410 or 
or —55°C for MC1510 +125°C for MC1510 


Mc1410, MC1510 


TYPICAL CHARACTERISTICS 
(Voc = +6.0 Vdc, VEE = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 3 
POWER DISSIPATION versus SUPPLY VOLTAGE 


Pp, POWER DISSIPATION (mW) 


0 6.0 8.0 10 12 14 16 
\Vecl, IVEEl, SUPPLY VOLTAGE (Vdc) 


FIGURE S 
VOLTAGE GAIN versus TEMPERATURE 
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-55 -25 0 425 +50 +75 «+100 = +125) +150 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 
INPUT BIAS CURRENT versus TEMPERATURE 


Ip, INPUT BIAS GURRENT (uA) 


55 -25 0 +25 +50 +75 +100 +125 
Ta, TEMPERATURE (°C) 


_ Vg, DC OUTPUT VOLTAGE (Vdc) 


Vn(out), QUTPUT NOISE (mV[rms] } 


Av(se), VOLTAGE GAIN (dB) 


7.0 


6.0 


5.0 


2.0! 


FIGURE 4 
VOLTAGE GAIN versus SUPPLY VOLTAGE 


4.0 6.0 8.0 10 12 14 16 18 
IVeci, VEE, SUPPLY VOLTAGE (Vdc) 


FIGURE 6 
DC OUTPUT VOLTAGE versus TEMPERATURE 


“55 -26 0 _ +25 460. +75 +100 +125 
Ta, TEMPERATURE (°C) 


FIGURE 8 ; 
OUTPUT NOISE VOLTAGE versus SOURCE IMPEDANCE 


sahil 5.0 Hz.to 10 MHz. 


| LA 
CUI HIE Hi al 
Ha al oe 


1.0 100 1.0 k 10k 100 k 


Rg, SOURCE RESISTANCE (QHMS) - 


MC1410, MC1510 
TYPICAL CHARACTERISTICS 


FIGURE 9 
LIMITING CHARACTERISTICS @ 30 MHz 


FIGURE 10 


LIMITING CHARACTERISTICS a FREQUENCY 


Lc aael il amma Baill veo 0d 
zt caf iia Snitiiammant eat 
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& 

[a | 
7 300 
= 
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3 200 


Vin, INPUT VOLTAGE (mV [rms] ) 


\ 


- TYPICAL APPLICATIONS 


FIGURE 11 
ENVELOPE DETECTOR 
+6 Vde 
O.1 uF 
$10 k tin @— 
ein 0.1 HF 
455 kHz OluF eg. 
Mmc1510 1mH 
MCi410:: 
aiaiey 7 oe 2.2k 
-6 Vde 
FIGURE 13 
WEIN BRIDGE OSCILLATOR 


+6 Vde 


MC1510 
MC1410 


-6 Vde 
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(Ay = 39 dB) 


f = 10 kHz to 10 MHz ~ 1/2 7RC 


Vin, INPUT VOLTAGE (mV [rms] ) 


FIGURE 12 


SINGLE STAGE WIDEBAND AMPLIFIER 


+6 Vde 


0.1 uF 
ae 


MC1510 
MC1410 


~6 Vde 


Specifications and Applications 
Information 


MONOLITHIC TIMING CIRCUIT WITH 
EXTERNALLY ADJUSTABLE THRESHOLD LEVEL 


The MC1422 monolithic timing circuit is a highly stable controller 
capable of producing accurate time delays, or oscillation. Additional 
terminals are provided for triggering or resetting if desired. For 
astable operation as an oscillator, the free running frequency and the 
duty cycle are both accurately controlled with two external resistors 
and one capacitor. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 
mA or drive MTTL circuits. 

Useable as a Differential Comparator Timer 

Timing From Microseconds Through Hours 
Operates in Both Astable and Monostable Modes 
Adjustable Duty Cycle 
High Current Output Can Source or Sink 200 mA 
Output Can Drive MTTL 

Temperature Stability of 0.005% per °C 

Normally “On” or Normally “Off Output 


TYPICAL APPLICATIONS ’ 

@ Precision Timing ® Missing Pulse Detection 

@ Pulse Generation @ Pulse Width Modulation 
© Linear Sweep Generation @ Pulse Shaping @ Pulse Position Modulation 


@ Time Detay Generation 
@ Sequential Timing 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) . 


ating Smo Vatve Tinie 
Discharge Current (Pin 7) 
Ta 


Metal Can ce 
Derate above Ta = +25°C 
Plastic Dual In-Line Package 


Power Dissipation (Package Limitation) 
680 
46 
625 
Derate above Ta = +25°C 5.0 


Vv 
Operating Temperature Range (Ambient) | Ta [ Oto+70 | | 
Storage Temperature Range : -65 to +150 


FIGURE 1 — BLOCK DIAGRAM 
. Adjustable O 
Threshold 


6 : ; 


7 
eye 


Discharge O 
3 © Output 
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mc1422 


TIMING CIRCUIT 
WITH ADJUSTABLE THRESHOLD 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(Top View) 


1. Ground 

2. Trigger 

3. Output 

4. Reset 

5. Variable Threshold 
Reference 

6. Threshold 

7. Discharge 


G SUFFIX 
METAL PACKAGE 
CASE 601 
TO-99 


. Ground 

. Trigger 

. Output 

. Reset 

. Variable Threshold 
Reference 

. Threshold 

. Discharge 


-Vec 
ORDERING INFORMATION ‘ 


MC1422G 
MCC1422P1 


2 
© Trigger 


1°O Ground 


MC1422 — 


ELECTRICAL CHARACTERISTICS (Ta, = +25°C, Vcc = +5.0 V to +14 V unless otherwise noted.) 


Supply Voltage 

Supply Current 
Vcc = 5.0 V,RL == 
Voc = 14 V, RL = © 
Low State (Note. 1) 

Timing Error (Note 2) 
Ra, Rg = 1.0 k® to 100 k2 
Initial Accuracy C = 0.1 uF 
Drift with Temperature 
Drift with Supply Voltage 


_ | Threshold Voltage (Figure 2) ; 


Trigger Voltage 
Vec=14V 
Vcc =5.0V 

Trigger Current - 


Threshold Current (Note 3) 


Output Voltage Low 
(Veco = 14 V) 
lsink = 10 mA 
lsink = SOMA 
Isink = 100 mA 
lsink = 200 mA 

Output Voltage High 
(source = 25 mA) 
Vec=14V 
Veco = 5.0 V 

Rise Time of Output 

Fall Time of Output a 


NOTES: a, # 
1. Supply. current when output is high is typically 1.0 mA less. 3. This will determine the maximum value of Ra + Rg for 15 V operation. 
2.. Tested at Voc = 5.0 V and Vcc = 14 Vv. The maximum total R = 20 megohms. 


FIGURE 2 — DC TEST CIRCUIT FIGURE 3 — AC TEST CIRCUIT 


= Vr 
R 


O 
eset 
Control Discharge 


Voltage 


Discharge 


D.U.T, 
Output Threshold 


Output -Threshotd Gnd : Trigger 


Trigger 


t= 1.1 Rac seconds 


External components must be bridged so that exact 
values are used in the frequency formula. 


Notes: . 
Vec = Supply Voltage: 5.0 V < Voc < 14 V Range 
Vg = Switching Voltage: 1.4:.\V < Vg < 11.0 V Range 


When Vg 2 2/3 Vcc. Vo is low = Oat RL = : 
“When Vs. < 1/3 Vcc, Vo is high = Voc at Ry = © 


VR= Reset Noltage: Vp = 0.4 V or 1.0 V during Reset Test 


During other tests, Pin 4 tied to Vcc. 
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MC1422 


FIGURE 4 — TRIGGER PULSE WIDTH 


PW, PULSEWIDTH {ns min) 


a Site 
NV | 


0 0.1 0.2 0.3 0.4 
VT (min). MINIMUM TRIGGER VOLTAGE 
(X Veg = Vde) 


FIGURE 7 — LOW OUTPUT VOLTAGE 
@ Vcc = 5.0 Vde 


“10 2.0 5.0 10 20 50 100 
ISINK, (mA) 


FIGURE 10 — DELAY TiME 
versus SUPPLY VOLTAGE 


tg, DELAY TIME NORMALIZED 


0 5.0 10 15 20 
Vee, SUPPLY VOLTAGE (Vdc) 


FIGURE 8 — LOW OUTPUT VOLTAGE 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 5 — SUPPLY CURRENT 


FIGURE 6 — HIGH OUTPUT VOLTAGE 


ic, SUPPLY CURRENT (iA) 


Vcc, SUPPLY VOLTAGE {Vdc) 


'source(mA) 


_FIGURE-9 — LOW OUTPUT 
VOLTAGE @ V¢¢ = 15 Vde 


@ Vcc = 10 Vdc 
10 


VOL. (Vde} 
VoL. (Vdc) 


0.0 
1.0 2.0 50 110 20 50 = 100 


ISINK, (mA) ISINK, (mA) 


FIGURE 11 — DELAY TIME FIGURE 12 — PROPAGATION DELAY 


versus TEMPERATURE versus TRIGGER VOLTAGE 
300 
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MC 1422 


FIGURE 13 ~ CIRCUIT SCHEMATIC CONTROL VOLTAGE 


X 


THRESHOLD 
COMPARATOR 
Vec 8 O 


Threshold 6 O 


Trigger 2 


, Reset 4 


Discharge 7 


Gnd oral 


The MC1422 is a monolithic timing circuit similar in 
_ performance and function to the MC1455 timer. It can 
be used in both the astable and monostable modes with 
frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the 
external passive components; the’ monolithic circuit pro- 
vides the starting circuit, voltage comparison and other 
functions needed for a complete timing circuit. Internal 
to the integrated circuit are two comparators, one for the 
input. signal and the other for capacitor voltage; also a 
flip-flop and digital output. are offered. The reference 
voltage of the trigger comparator isa fixed ratio of the 
supply voltage while the reference voltage of the threshold 
comparator is completely adjustable. . , 7 
The MC1422 offers a completely independent variable 


modulation terminal as well as a synchronization terminal 


The reference voltage pin (pin 5) for the threshold com- 
parator is completely adjustable. 

A reset pin is provided to discharge the capacitor thus 
interrupting the timing cycle. As long as the reset pin is 
low, the capacitor discharge transistor is turned ‘’on” and 
prevents the capacitor from charging. While the reset volt- 


TRIGGER 
COMPTR 


cb 
e 
a 220 


GENERAL INFORMATION 


threshold terminal.. This feature. allows it to be used as a 


giving an additional degree of freedom in circuit. design... 
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Variable 
5 Threshold 
O Reference 


' FLIP-FLOP OUTPUT 


i 


O Output 


age is applied the digital output will remain low. The reset 
pin shoutd be tied to the supply voltage when not in use. 


Monostable Mode 


In the monostable mode, a capacitor and a single resis- 
tor are used for the timing network. Both the threshold 
and the discharge transistor terminal are connected to- 
gether in this mode; refer to circuit Figure 14. When the 
input voltage to the trigger comparator falls below 1/3 
Vcc the comparator output triggers the flip-flop so that 
it’s output sets low. This turns the capacitor discharge 
transistor “off” and drives the digital output to the high 
state. This condition allows the capacitor to charge at an 
exponential rate which-is set by the RC time constant. 
When the capacitor voltage reaches the external reference 
voltage the threshold comparator resets the flip-flop. This 
discharges the timing capacitor and returns the digital out- 
put to the low state. Once the flip-flop has been triggered 
by an input. signal, it cannot be retriggered until the 
present timing period has been completed. The time that 
the output is high is given by the equation t = 1.1 Ra C. 
Various combinations of-R-and C and their associated 
times are shown in Figure 15. The trigger pulse width 
must be less than the timing period. , 
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FIGURE 14 — MONOSTABLE CIRCUIT 


+Vcec (5 to 15 V) 


Discharge 


MC1422 


Variable 0.01 uF 
Threshold 
Control Vec2 


APPLICATIONS INFORMATION 


. 


In general, the MC1422 can be used in any application the line voltage to V- and V+. This limited line voltage, 
where the MC1455/NE555 is currently being used as long which appears somewhat like a square wave, is used as a 
as an external reference is supplied. (Refer to MC1455 sync pulse when differentiated by C1 and attenuated to 
data sheet for these applications.) The applications listed 1/3 by R1 and R2. Cycle time is dependent on R4 and 
below are unique to the MC1422 and its design. C3. The duty cycle is set by potentiometer R4. 


It should be noted that this zero crossing cycler is in- 
tended for low frequency cycling, much lower than the 


Zero Crossing Cycler 
This circuit (see Figure 15) is most useful where it is line frequency used. 


necessary to cycle a thyristor at some frequency and duty 
cycle at line zero crossing only. This cycling at zero cross- 1.44 
ing only will reduce EMI, and current surges if capacitive Tcycle = 0.69 (R4)(C3) or feycle = (R4)(C3) 


loads are used. : 


Circuit Description 


In order to have exact zero crossing cycling a phase 
shift network (R3)(C2) is used. Diodes CRq and CrQ limit : , 


FIGURE 15 — ZERO CROSSING CYCLER 


Output a 


1N4001 Period © 5 seconds 
Cra | Duty Cycle Range 
“8% to 99% 


1N4001 1. , ; MC1422 
Cry : 


Vine 


“120 Vac 


1N4001 - 
Cr2 


All Resistors 174 W 
V+ to V- is 5 V to 14 V floating supply 
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MC1422 


FIGURE 16 — PULSE WIDTH MODULATOR 


O Vcc 5.0V—14V 


Output 
O 


MPSA70 


MSS1000 
Cri 


510 


a 


Modulation 


. MC1422 can be utilized as an_astable if 
an external 2/3 ratio resistive divider 
is used at pin 5, 


. See waveforms 


Input 


All Resistors 1/4 Watt 


FIGURE. 17 — PULSE WIDTH MODULATOR WAVEFORMS 


(EEE 


Modulation Input 5 V/Div. 


Veg Ramp 5 V/Div. 


PWM Input 10 V/Div. 


oe @©8 @&# @ @ @2 D2] @ 2G Qeeeee i. 


PWM Output 10 V/Div. 


Hor. =.0.5 ms/Div. 


Pulse Width Modulator 


The MC1422 is used as a pulse width modulator 
(PWM) with the MC1455 being utilized as an astable. 
The MC1422 can be used as an astable in place of the 

_MC1455 if an external reference of approximately 2/3 
Vcc is used at Pin 5. 

The transistors Q1 and Q2 are configured as a current 
mirror to provide a linear voltage ramp across C3. This 
constant current scheme attributes a relatively linear 
transfer characteristic for the pulse width modulator. 

Several considerations must be made when using this 
circuit. 

1. The minimum duty cycle out is limited to the com- 
plement of the input signal. (i.e.,a 95% duty cycle 
astable driving the PWM will give a minimum duty 
cycle output of = 5%.) 


The maximum duty cycle out will also be limited 
to the maximum duty cycle in. 


2. For the astable frequency: 


1.44 


f° WU = eas aRac 


3. Duty cycle (D.C.) for the astable: 
R2 


DO Fy FAD 


For best results the charge time of C3 in the pulse. 
width modulator should be equal to the period of 


the astable. 
lai ln 4 _Vec- VBE 
C3 (Vec-1) 10 F¢g 101 * 102= ~~ Rg 


Vcc = 10 V linearity typically 3% modulation input 
from 2 volts to 8 voits. 
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MC1422 


Voltage Controlled Oscillator FIGURE 18 — VOLTAGE CONTROLLED OSCILLATOR 


The VCO circuit, which has a nonlinear transfer charac- 0 Veco 80V—-14V 
teristic will operate satisfactorily up to 200 kHz. The 
VCO input range is effective from 1/3 Vcc to Vcc - 2 V, 
with the highest control voltage producing the lowest out- 
put frequency. The equation for the frequency is: 


f oe VCO Input 
out ™ (input Range 1/3 Vcc 
: 1 to Vcc) 
V5-1/3 Voc V5-1/3 Voc 
In (1- 2/3 Vec )(R1+R2)C1 + 1n(——— Ve) R21 


V5 = VCO input control voltage 


It should be noted that, the output duty cycle will vary 
somewhat over the VCO input control range. 


Comparator 
Comparator with Time Out ; - Input 


The MC1422 is used as a comparator with the capa- 
bility of a timing output pulse when the inverting input 
(Pin 6) is 2 the non-inverting input (Pin 5). The frequency ~ 
of the pulses for the values of R2 and C1 as shown in 
Figure 19 is approximately 2.0 Hz, and the pulse width 
0.3 ms, fp = frequency of pulses while Pin 6 voltage is 

above voltage at Pin 5. 
The function of R1 is to limit di/dt, when charging €1. 


1N4001 Output 


j Vref — ee a eae 
Comparator Input~——-~- ; 
Comparator Output oo he se 


1 


FIGURE 20 


O Vcc 5.0V—14V 


Schmitt Trigger 


The MC1422 is very useful as a Schmitt Trigger as shown 
in Figure 20. The lower trigger point is fixed at 1/3 Vcc, 
but the upper trigger point is adjustable by means of Pin 5 
from 1/3 Vcc to slightly less than Vcc. The Schmitt 
trigger will operate with input frequencies up to 50 kHz. 


Upper Trigger 
Point Contro} : : 
(Input Range 1/3 Vcc to Vcc) 


Note: Lower Trigger Point is 
fixed at 1/3 Voc. 
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‘ORDERING INFORMATION . Soy 
Device Temperature Range Package 
MC1438R 0°C to +70°C Metal Power _ MC1438R 
MC1538R —55°C to +125°C Metal Power i 


MC1538R 


OPERATIONAL AMPLIFIERS 


| POWER BOOSTER POWER BOOSTER 

The MC1538/MC1438 is designed as a high current gain amplifier 
(70 dB), with unity voltage gain that can deliver load currents up to 
+300: mAdc. This device is ideally suited to follow an operational 
amplifier (such as MC1556/MC1456) for driving low impedance loads 


and improving the overall circuit performance. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ High Input Impedance — 0.4 Meg-Ohm typ — when driving the 
MC1538/MC1438, the gain of an operational amplifier will 
approach the unloaded open-loop gain. Internal power dissipa- 
tion of the operational amplifier will be independent of output 
voltage and therefore thermal drift will be reduced. 


R SUFFIX 
CASE 614 


Large Power Bandwidth — 1.5 MHz typ — considerably better than 
present operational amplifiers. Bandwidth and slew rate will be 
limited by the operational amplifier, not the MC1538/MC1438. 


Low Output Impedance — 10 Ohms typ — allows the MC1538/ ELUNCAIUSE: 
’ MC1438 to drive a capacitive load with greatly reduced phase 
shift compared with an operational amplifier. Output voltage 
swing capability is much increased when driving small load im- 


pedances. 


Positive Current 


Negative 
Current Sense 
Negative Negative Current 3 
Output Limit Adjust 


@ Adjustable Current Limit — +5.0 mAdc to +300 mAdc 
@ Excellent Power-Supply Rejection — 1.0 mV/V typ 
® Current Gain — 3000 typ 


TYPICAL APPLICATIONS 


OPERATIONAL AMPLIFIER BOOST CIRCUIT DIGITAL OR ANALOG LINE DRIVER 
. Voc Rp 


MC1538R/ : 
MC1438R Delean 


SERVO/POWER AMPLIFIER 


Rp 10k ¢: : 


” MC15566/ 
MC1456G 


MC1S56G/ MC1538R/ 
MC 14566 : MC1438R 
a 


Eape a VeE= -15V A ME 105 or equi 


= 470 pF 

Under some conditions of circuit layout and loading, the MC1538R/MC1438R will oscillate when driven into current limiting. Oscillation during 
positive current limiting can usually be suppressed by placing a 0.02 uF capacitor between Pins 7 and 5. Oscillations during negative current limit 
can usually be suppressed by placing a 0.02 BF capacitor between Pins 1 and 2. 100 Ohms in series with this capacitor will reduce any cross-over 
distortion occurring when driving extremely low impedance loads. 
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MC1438R, MC1538R° 


~ MAXIMUM RATINGS (Te = +25°C unless otherwise noted.) 


[Simba [wea [Ua 


. Vec +22 +18 
VEE -22 -18 


Load Current | 


-| Power Dissipation @ Tg = +25°C 
Derate above Ta = +25°C 


Power Dissipation @ Tc = +25°C 
Derate above Tc = +25°C 


Operating Ambient Temperature Range MC1438R 
£ MC1538R 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 
(Ry = 300 ohms, Tc = +25°C unless otherwise noted.) 


Pf cissaR MC1438R 
5.0V <Vcc= VEEI< 20V | Voc= +15 V.VeE=-15V 


Voltage Gain (f = 1.0 kHz) ie ay | o9 | 095 | 


Current Gain (Ay = Alo/Aly) 1 - AL | = | 
‘Output !mpedance (f =.1.0 kHz) 1 ee, Zo | =~ | 


Input Impedance (f= 1.0kHz)  — 1 oo 2) 


‘| Output Voltage Swing (See Note 3) 1 3 Vo +12 +13 ae eT ee 


Output Offset Voltage 


Small Signal Bandwidth 
(Ry = 300 ohms) 
(V) = 0 Vde, Vj = 100 mV [rms] ) 


Power Bandwidth (See Note 3) : : 
- (VQ = 20 Vp.p, THD = 5%) MHz 
Total Harmonic Distortion(Note 3) 1 ; 
(f= 1.0 kHz, Vo = 20 Vp-p) 7 % 
Output Short-Circuit Current mAdc 
(R1 = R2= 09) 4 3 2 75 95 65 95 : 
(R1 = R2= 3.3. ohms) © _ 300 _ 300 © 
=, 5.0 to 300 — |5.0to 300 
(VEE constant) a ba 
(Voc constant) : 
| Power Supply. Current 2 _ lec 
(Ryo, Vy = 0) , 'EE 
Power Dissipation (See Note 3) (C150 75 180 
i E 
Note 7.. Output offset Voltage is the quiescent de output voltage with the input grounded. 


Adjustable Range 
(RL, Vy = 0) 
Note 2.. Short-Circuit Current, igc¢, is adjustabie by varying R1, R2, R3 and R4. The positive current limit is set by R1 or R3, and 
' the negative current limit is set by R2 or R4. See Figures 4.and 5 for curves of short-circuit current versus R1,R2, R3 and R4. 
Note 3. Voc=+15V,Vee=-15V. © 


Power Supply Sensitivity 
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MC1438R, MC1538R 


a 


TEST CIRCUITS 
FIGURE 1 FIGURE 2 FIGURE 3 
Vcc 


MC1538R/ 


MC1438R —| 


MC1538R 
MC1438R 


Tt 
= 470 pF 
VEE E 


CIRCUIT SCHEMATIC 


” Positive Current 
Limit Adjust 


Positive Output 


Positive Current 
Sense 


Negative Current 
Sense 


Negative Output 


Negative Current 
"Limit Adjust 


en {bottom view) 
Compensation Case is connected to Vee 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


_ FIGURE 4 — SHORT-CIRCUIT CURRENT versus R1 OR R2 FIGURE 5 — SHORT-CIRCUIT CURRENT versus R3 OR R4 
~ (100 mA to 300 mA) me {5.0 mA to 100 mA) 


Rt Limitsicg 
R2 Limits leg 


tee OR tes OUTPUT. CURRENT (made) 
Ipc. OR IgE OUTPUT CURRENT (mAdc) 


; . 0 2 2.° 40 6 8g. 100 120 140 
R1 OR R2(OHMS) ; me R3.OR R4 (OHMS) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 — POWER SUPPLY 


CURRENT versus SHUNT RESISTANCE FIGURE 7 — SMALL SIGNAL GAIN AND PHASE RESPONSE 
; —— Sag it] 
3 As Pee | ETT. 
é oS il 
a _ -2.0 -20 
ci ‘3. 30 # 
a 2 o 
3 3 -40 a 
> 3 iE 
= x = 
a S =) -60 Es 
8 be 0% 
: s -80 
8 : 90 
1.0 2.0 5.0 10 20 «30S 80 100 | 


f, FREQUENCY (MHz) 


Ri OR R2, SHUNT RESISTANCE (OHMS) 


FIGURE 8 — POSITIVE OUTPUT FIGURE 9 — NEGATIVE OUTPUT 


VOLTAGE SWING versus LOAD CURRENT : ; VOLTAGE SWING versus LOAD CURRENT 
10 4 | 
Paris ptt 
ee am a ; 
: mimeo TT g 
w 
3 | ft V| adjusted for Vg = +10 Vde Le ie g Vi adjuste 
og > - 
Seg eds Taek ee a a ae 5 
~ = 
E ee ae 5 
Z 4 ’ 
| | | | 
Pee ae a a es a 
0 20 40 60 80 100 
IL, LOAD CURRENT (mAdc) : . IL, LOAD CURRENT (mAdc) 
FIGURE 10 — OUTPUT OFFSET VOLTAGE : 
versus TEMPERATURE FIGURE 11 — INPUT BIAS CURRENT versus TEMPERATURE 
; 70 al aaa | Bi 
; ay : Vee = 5.0 Vde, Vee = -5.0 Vde 
> 1 
£ = ra + 
ws =a ; ~~] 
2 = Vee = 10 Ve, Veg = -10 Vag _|’ Se, 
2 L ~~ 
3 2 
ra Ss Voc = 15 Vde, Veg = -15 Vde ~ 
a ° : 
rs < 
Low) o 
e E 
= > 50 
E 2 
3 
> 
40 
15-50-25 75 100-125 re ; 
Ta, OPERATING AMBIENT TEMPERATURE RANGE (°C) . Ta, OPERATING AMBIENT TEMPERATURE RANGE (°C) 


_ *See figures 4 and 5 for definition of R1, R2,R3, and R4. 


ae 


8-20 


MC1438R, MC1538R 


TYPICAL CHARACTERISTICS (continued) - 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 12 — PULSE RESPONSE CHARACTERISTICS _ FIGURE 13 — DC SAFE OPERATING AREA 


a 


IIL1, LOAD CURRENT (mAde) 


Vi, INPUT VOLTAGE OR 
Vo, OUTPUT VOLTAGE (VOLTS) — 


0 200 400 606 800 1000 50 
t, TIME (ns) ; Vcc — V7 OR V2 — Veg (Vde) 
TYPICAL APPLICATIONS 
FIGURE 14 — NON-INVERTING AC POWER AMPLIFIER FIGURE 15 — NON-INVERTING POWER AMPLIFIER 


Vec=+30V 


23904 O MC1438R 
or equiv. 
2, 


MC1556G/ MCI538R/ 
RL MC 14566 MC1438R 


eee = Ul, 29 = 0.6 ohms 620 5.0 pF ; Ra+Rp iis It. 2) > 30 megohm for f < 20 Hz 
EN RA IV. 248 1.0k ohm £ tos ER IV. Igg = 200 mA 
ios a , V. BWp = 1.0 MHz , 
FIGURE 16 — NON-INVERTING VOLTAGE FOLLOWER ; FIGURE 17 — INVERTING POWER AMPLIFIER 


MC 1538R/ 
MC1438R 


MC1556G/ 
MC 14566 


MC1538R/ 
MC1438R 


MC1556G/ 
MC1456G 


Characteristics 


(Vo-Vin) 102 
Vi 


f. % Error = = 9.001% 


“RB 
U1. z9 = 10-4 9, £< 20 Hz U AV= aA 
{U1 2) = 30 Megohms, f < 20 Hz Wi. zi=Ra 
é Vee : RatRe 4 ; 
IV. tos = 200 mAdc : Il. 20% - 104.2 IV. tog = 200 mA 
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TYPICAL APPLICATIONS (continued) 


FIGURE 18 — PROGRAMMABLE VOLTAGE SOURCE 


vec 


v 
fe vo Vy 


O 
“| 2 
yy MC1556G/ 


-MC1456G 


Characteristics 


VEE 


WW. 29 << 1.0 milli-ohm, f = 20 Hz 


FIGURE 20 — SIGNAL DISTRIBUTION 


Characteristics 


1. Power supplies are protected. 


from the output fault; los = 200 mA 


MC 1438R 
4) 


(2) 


(3) 


1O 


_ LH. The small input current when CASE 
VEE 


in output current timit (0.5 mA) 
will isolate Vj, Vgt and Vg2 
fromthe fault at VQ3. 


. Toler 


MC 1538R/ 


MC1538R/ 
MC1438R 


4, 


MCi538R/ 
MC1438R’ 


20 


3 


4.3 


4.3 


4.3 


4.3 


43. 


MC1538R/ 


MC1438R 


Vols Vy 


Vg2=V4 


FIGURE 19 — CONSTANT CURRENT SOURCE 
‘OR TRANSCONDUCTANCE AMPLIFIER 


MC 1538R/ 
MC 1438R 


MC 15566/ 
MC 14566 


fo 


MC1538R/ 


MC 1556G/ 
MC 1438R 


MC 14566 


= R 
Characteristics ‘ 8 tl. log #200 mA 


1 
RA 
IIL. VO(pk) = £(Vz + 0.7) Volts 


|. fp = 
O°2 too In (i+ SHA) 
RB 


FIGURE 22 — WIEN BRIDGE OSCILLATOR 


MC1538R/ 
MC 1438 R 


MC15566/ 
MC 14566 


Characteristics 


from 0.01 Hz to 10 kHz il. lgg= 200 mA 


a “ 2rtglo 
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ORDERING INFORMATION 
Device Temperature Range Package 


MC1445F _ - 0°C to +75°C Ceramic Flat 

MC1445G 0°C to +75°C Metal Can 

MC1445L 0°C to +75°C Ceramic DIP. 

MC1545F ~-55°C to +125°C Ceramic Fiat : 

MC1545G —55°C to +125°C Metal Can MC | 4 4 5 


MC1545L —55°C to +125°C Ceramic = M C1 5 45 | 


GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER ; 
. .. designed for use as a general-purpose gated wideband-amplifier, 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 


GATE CONTROLLED 
TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 


SILICON MONOLITHIC 


AN475 and AN491 for design details. 
INTEGRATED CIRCUIT 


@ Large Bandwidth; 50 MHz typical 
@ Channel-Select Time of 20 ns typical! 
© Differential Inputs and Differential Output 


G SUFFIX 
METAL PACKAGE 
CASE 602A 


TYPICAL APPLICATIONS 


VIDEO SWITCH OR 
DIFFERENTIAL AMPLIFIER WITH AGC 


‘MULTIPLEX OR FSK 


Output 


VEE 


Signal 
Input — 


Channel 1 
Input ; 


Non-tnv., 
Input B 


Channel 2 
Input 


Channel Select 
_ Input 


Gate or 
AGC Input 


AMPLITUDE MODULATOR PULSE-WIDTH MODULATOR 
F SUFFIX 
CERAMIC PACKAGE 


CASE 607 


VEE 


(+e Audio input 


Modulation Adjust 


5.0k > 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


ANALOG SWITCH — 


BALANCED MODULATOR: 


VEE 


Carrier 
Input — 


5.0k _ 
Bias Adjust 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Vde 


Power Dissipation (Package Limitation) 
Fiat Package 
Derate above Ta = +25°C 
Ceramic Dual in-Line Package 
Derate above Ta = +25°C 
Meta! Can 
Derate above Ta = +25°C 


: Operating Ambient Temperature Range MC1445 
. MC 1545 
Storage Temperature Range 


°C 


- ELECTRICAL CHARACTERISTICS (Voc = +5.0 Vde, Veg = 5.0 Vde, at Ta = +25°C, specifications apply to both input channels 
untess otherwise-noted.) 


Characteristic Unit 


Single-Ended Voltage Gain 
Bandwidth BW 


Input Impedance 5,14 
(f = 50 kHz) : 
Output Impedance 6,15 Zo 
(f = 50.kKHz), ‘ 
Output Differential Voltage Range 4,13 VoODR 2.5 
(RL = 1.0 k ohm, f= 50 kHz) 


N 
W 


MHz 


Mad 
° 


k ohms 


nN 
or 


Ohms 


Vp-p 


= 
> 
Q 
ts) 


30 
mMAdc | 
mVde 


~| Input Offset Current 
Input Offset Voltage 
Quiescent Output de Level 


Output de Level Change 
(Gate Input Voltage Change: +5.0 V to 0 V) 


~~ 


aj. 3i< 


5 


{nput Bias Current | 16 | 
17 
17 
17 


ie] 


Common-Mode Rejection Ratio 
(f = 50 kHz) 


Input Common-Mode Voltage Range } 18 | 


Gate Characteristics 


+2.5 


y 
ne] 


ae ° Bh N 
wW - oa ao 


Vde 


Gate Input Voltage — Low Logic State (Note 1) 
Gate Input Voltage — High Logic State (Note 2) 
Gate Input Current — Low Logic State 

{VyLiG) = 9 V) 


Gate !nput Current — High Logic State ia 


w 
fo] 
3 


: = 


> 


(ViniG) = +50 V) 


Step Response 
{ein = 20 mV) 


Wideband Input Noise ; : uV (rms) 
(5.0 Hz — 10 MHz, Rg = 50 ohms) 


DC Power Consumption 


3 


~s NOT? 
| 3 


- Note 1. Vi_(G) is the gate voltage which results in channel A gain of unity or Jess and channel B gain of 16 dB or greater. 
Note 2. Vi44(G} is the gate voltage which results in channel B gain of unity or less and channel A gain of 16. dB or greater. 
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MC1445 , MC1545 


Avs, SINGLE-ENDED VOLTAGE GAIN (dB) - Ays, SINGLE-ENDED ‘VOLTAGE GAIN (dB) 


Rp, PARALLEL INPUT. RESISTANCE (k OHMS) 


FIGURE 1 — SINGLE-ENDED 
VOLTAGE GAIN versus FREQUENCY 
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f, FREQUENCY (MHz) 


FIGURE 3 — VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGES 


44.0 +5.0 +6.0 +7.0 +8.0 +9.0 +10 +11 +12 


Vcc, Veg, POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 5 — INPUT Cp. AND Rp versus FREQUENCY 
(BOTH CHANNELS} 


f, FREQUENCY (MHz) 


: 
BIL NNN 


FIGURE 2 — SINGLE-ENDED 
VOLTAGE GAIN versus TEMPERATURE 


Avs, SINGLE-ENDED VOLTAGE GAIN (dB) 


-55 -25 0 +25 +60 +75 +100 © +125 


Ta, TEMPERATURE (°C) 


FIGURE 4 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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2.0 


RANGE (Vp-p) 
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RL, LOAD RESISTANCE (k OHMS) 
FIGURE 6 — OUTPUT IMPEDANCE versus FREQUENCY 
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MC1445 , MC1545 ae: . & es ee 


FIGURE 7 — CHANNEL SEPARATION versus FREQUENCY FIGURE 8 — GATE CHARACTERISTICS 


40 
Channel Separation a 
120 A . Vo 3 
_ S 20 log Ay -20 log G = 
2 100 S 
w 
8 & 
= 80 5 
oe oO 
x > 
E a 
2 60 a 
ArT] 2 
Z a 
: ”n 
20 2 

0 : 
102 103 104 105 106 107 108 
fin. INPUT FREQUENCY (Hz) ; Vg, GATE VOLTAGE (VOLTS) 
FIGURE 9 — COMMON MODE FIGURE 10 — INPUT WIDEBAND NOISE 
REJECTION RATIO versus FREQUENCY versus SOURCE RESISTANCE 


100 


33 ] 
T Tat 
f INeall 

t | 
qT ll 
10 100 


25 


en, INPUT NOISE VOLTAGE (uV[rms}) 


CMRR, COMMON-MODE REJECTION RATIO (48) 
a 


UUM PVT | CTT TI 2 
9.01 0.1 1.0. - 10 100 - 10k 10k 100 k 
. f, FREQUENCY (MHz) ; Rs, SOURCE RESISTANCE (OHMS) 
: FIGURE 12 — SINGLE-ENDED VOLTAGE GAIN AND 
FIGURE 11 — CIRCUIT SCHEMATIC BANDWIDTH TEST CIRCUIT 
+*5.0VO 


-5.0V 


Signal 
Generator 
Vj = 20 mVirms) Cy. = 15 pF and includes jig 
= =. and voltmeter capacitance. 
Boonton RF Voltmeter 
or Equivalent 
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MC1445 , MC1545 


FIGURE 13 — OUTPUT VOLTAGE SWING TEST CIRCUIT FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT 


+5.0 V -5.0 V : -5.0V 
: f=50kHz 


Vj = 50 mV(rms) 


+ To ac 
Voltmeter 


f= 50 kHz 
Vj = 200 mV(rms) — 


To ac 
Voltmeter 


FIGURE 16 — INPUT BIAS CURRENT AND INPUT 


FIGURE 15 — OUTPUT IMPEDANCE TEST CIRCUIT 
OFFSET CURRENT TEST CIRCUIT 


*5.0V 0 -O -5.0V 


To ac 
Voltmeter 


110 is the difference 
in current reading 


f= 50 kHz 
when either S1 or S2 


Vj; = 50 mV(rms) 
; Sag a ee a aan is switched. 
Open 
+5.0 V 
FIGURE 18 — GATE CURRENT (HIGH AND LOW), 
FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT COMMON-MODE REJECTION AND 
OUTPUT LEVEL TEST CIRCUIT : COMMON-MODE INPUT RANGE TEST CIRCUIT 


-5.0V 


Adjust R1 until V1 
reads 0 Volts then . : 
read Ege. 


+5.0 V 


STA | 
5.1 k (1%) 


R14 
100 k 


10 Turns 
51 (1%) 


| 
f= 50 kHz | 
‘ Vi = 1.0 V(rms) | 

= | 


-5.0 V 
? egies sore eur ='20 09| Gu | 
_ A 
AVo = Change in V2 Reading - a J : ve 
Switch $, and readjust R, for V,=0 +5.0 V 45.0V. 
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McC1445, MC1545 


FIGURE 19 — PROPAGATION DELAY AND RISE AND FIGURE 20 — POWER DISSIPATION AND WIDEBAND 


FALL TIMES TEST CIRCUIT . INPUT NOISE TEST CIRCUIT 
-5.0V 


To “A” Channel +5.0 V 


of Scope -5.0V True rms Voltmeter 
with Bandwidth of 
Scope — 5.0.Hz to 10 MHz 
Tektronix 567 


or equiv 
Pulse a : 


Gen. 


CL 
To “B" Channel 


Vv; = 20mvV = of Scope 


CL 


tTLH = tTHL <5.0 ns 


ii 


Cy. = 15 pF including probe and 
jig capacitance : 


Open 


50% | tPHL 
I 


Vg. DIFFERENTIAL QUTPUT VOLTAGE (Vp-p) 


0 100 200 300 400 500 
V ;. SINGLE-ENDED INPUT VOLTAGE (mVp-p) 
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ORDERING INFORMATION 


Device Temperature Range Package MC1550 
MC1550F —55°C to +125°C Ceramic Flat 


MC1550G —55°C to +125°C Metal Can 


RF — IF AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


RF — IF AMPLIFIER 


G SUFFIX 
METAL PACKAGE 
CASE 6038 


...aversatile,common-emitter, common-base cascode 
circuit for use in communications applications. See 
Application Note AN-215A for additional information. 


Constant Input Impedance over entire AGC range - 
Extremely Low y32 —4.3 ymhos at 60 MHz 

High Power Gain — 30 dB @ 60 MHz (0.5 MHz BW) 
Good Noise Figure — 5 dB @ 60 MHz 


Bypass 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


F SUFFIX 
CERAMIC PACKAGE 
CASE 606-04 
TO-91 


(Rg = 500 ohms) 


Power Dissipation (Package Limitation) 
‘Metal Can 
Derate above T, = +25°C 
Flat Package 
Derate above T, = +25°C 


33 : 
Operating Ambient Temperature Range Ta _| -55 to +125 
Storage Temperature Range ~65 to +150 


CIRCUIT DESCRIPTION - : 


The MC1550 is built with monolithic fabrication techniques 
utilizing diffused resistors and smalil-geometry transistors. 
Excellent AGC performance is obtained by shunting the Signal 
through the AGC transistor.Q, maintaining the operating point 
of the input transistor Q,. This keeps the input impedance 
constant over the entire AGC range. ; 

The amplifier is intended to be used in a common-emitter, 
common-base configuration (Q, and.Q,) with, Q, acting as an 
AGC transistor. The input signal is applied between pins 1 and 
4, where pin 4 is ac-coupled to ground.. DC source resistance 
between pins 1 and 4 should be small (less than 100 ohms). 
Pins 2 and 3 Should be connected together and grounded. Pins 
8 and 10 should be bypassed to ground. The positive supply 
voltage is applied at pin 9 and at-higher frequencies, pin 9 
should also be bypassed to ground. The output is taken be- 
tween pins 6 and 9. The substrate is connected to pin 7 and 
should be grounded. AGC voltage is applied to pin 5. 


-MC1550 


ELECTRICAL CHARACTERISTICS (vt = +6 Vde, Ta = +25°C) 


DC CHARACTERISTICS , : 
Output Voltage : VaGc = O Vde 1 Vo 3.80 4.65 Vde 
Vacc = +6 Vde 5.90 6.00 

Test Voltage - | Vage = 0 Vde v8 2.85 - 3.40 | Vde— 
“Vacc = +6 Vde 3.25 _ 3.80 ; 

Supply Drain Current -VaGc = 0 Vde 1 2.2 mAdc . 
“Vacc = +6 Vde ; 2.5 

AGC Supply Drain Current VaGc=O0Vde | AGC -0.2 mAdc 

, ~ VaGc = +6 Vde 0.18 : 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Voltage Gain f = 500 kHz 
Bandwidth -3.0 dB : : 


Transducer Power Gain f = 60 MHz, BW = 6 MHz 
f= 100 MHz, BW = 6 MHz 


TYPICAL CHARACTERISTICS 
(Voc = 6.0 Vde, Ta ’= +25°C unless otherwise noted.) 


FIGURE 1 — DC CHARACTERISTICS TEST CIRCUIT FIGURE 2 — VOLTAGE GAIN AND BANDWIDTH TEST CIRCUIT 
V, +6 Vde 
Vaec +6 Vde aa 
R, = 50Q 
Ry = 620 


C, thru, = 0.1 uF 


be 
o 
a 
A 
on 
=) 
=- 


in = 10 mV(rms) 


* FIGURE 4 — DRAIN CURRENT TEMPERATURE 
FIGURE 3 — POWER GAIN TEST CIRCUIT @ 60 MHz CHARACTERISTICS 


Vaec’ Voc 


CURRENT RATIO, 10/13 


Q 
Cy, Cz and C3 = 0.001 pF 
ae Ghana = 9345 

- Cp=9-180pF 
Cy = 25-280 pF 0.80 — 
Ly = 0.22 nH - 0 +250 $50 +75 +100 +128 


tl, = 0.26 pH Ta, AMBIENT TEMPERATURE (°C) 


MOTOROLA Semiconductor Products inc. (AA) 
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™Mc1550 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 5 — 


INPUT RESISTANCE AND CAPACITANCE 
versus FREQUENCY 
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FIGURE 7 — OUTPUT RESISTANCE AND CAPACITANCE 
versus FREQUENCY 
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FIGURE 9 — MAXIMUM TRANSDUCER POWER GAIN 
versus FREQUENCY 


Ap, TRANSDUCER POWER GAIN (dB) 
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~ £, FREQUENCY (MHz) 


Cour, OUTPUT CAPACITANCE (pF) 


* Rin INPUT RESISTANCE (OHMS) 


Rout, OUTPUT RESISTANCE (k2) 


Ap, TRANSDUCER POWER GAIN (dB) 


FIGURE 6 — INPUT RESISTANCE AND 
CAPACITANCE versus AGC VOLTAGE 


Vacc, AGC VOLTAGE (VOLTS) 


‘ \ 
FIGURE 8 — OUTPUT RESISTANCE AND 
CAPACITANCE versus AGC VOLTAGE 
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FIGURE 10 — TRANSDUCER POWER GAIN 
versus TEMPERATURE 


: +80 +100 
T,, AMBIENT TEMPERATURE (°C) 


(AA) MOTOROLA Semiconductor Products Inc. 
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Cin, INPUT CAPACITANCE (pF) 


_ Cout, OUTPUT CAPACITANCE (pF) 


+125 


Mc1550 


TYPICAL CHARACTERISTICS (ccitinued) 


FIGURE 11 ~ TRANSDUCER POWER BANDWIDTH versus AGC VOLTAGE 


Ap, TRANSDUCER POWER GAIN (dB) 


f, FREQUENCY (MHz) 


FIGURE 12 — NOISE FIGURE AND OPTIMUM SOURCE 
RESISTANCE versus FREQUENCY 
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FORWARD-TRANSFER ADMITTANCE 
versus FREQUENCY . : 


: See 
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oe ele TE 


10 =\ - 3.0 6.0 10 30 60 100 
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FIGURE 14—y 94, 


-5.0 
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NF, NOISE FIGURE (dB) 


Y2t. FO RWARD-TRANSFER ADMITTANCE (mmhos) 


FIGURE 13 — NOISE FIGURE versus SOURCE RESISTANCE 


Rs, SOURCE RESISTANCE (OHMS) 


FIGURE 15 —y31, FORWARD-TRANSFER ADMITTANCE 
: versus AGC VOLTAGE 


VaGc, ASC VOLTAGE (VOLTS) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MC 1550 


TYPICAL CHARACTERISTICS 
(Vcc = 6.0- Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 16 —y72, REVERSE TRANSFER-ADMITTANCE FIGURE 17 — 74, INPUT-ADMITTANCE versus FREQUENCY 
versus FREQUENCY . 


10 10 


1.0 


ARLE 
Y¥11, INPUT-ADMITTANCE (mmhos} 


" y12, REVERSE TRANSFER-ADMITTANCE (umhos) 
6 


f, FREQUENCY (MHz) med {, FREQUENCY (MHz) 


FIGURE 19 — s34 ANDs22, INPUTAND OUTPUT 
REFLECTION COEFFICIENT 


The y42 shown in Figure 16 illustrates the extremely low feedback of the MC 1550 

with no contribution from the external mounting circuitry. However, in many 

Cases the external circuitry may contribute as much or more to the total feedback 

than does the MC1550. ta : 

To perform more accurate design calculations of ey Stability, and input - output 

‘impedances it is recommended that the designér first determine the total feed- 

back of device plus circuitry. 

This can be done in one of two ways: ‘ 

(1) Measure the total y12 or s12 of the MC1550 installed in its mounting 
circuitry, or ; 

(2) Measure the y12 of the circuitry alone (without the MC 1550 installed) and cre ey 
add the circuit y12 to the y72 for the MC 1550 given in Figure 16. at pies eset lb 

y12 vi2 g 9 : Ue a 
Vth 


FIGURE 18 — y27, OUTPUT-ADMITTANCE versus FREQUENCY 
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MC1550° 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = 6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 20 —s41, INPUT REFLECTION 
COEFFICIENT versus FREQUENCY 


FIGURE 21 —s29, OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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FIGURE 22 —s21, FORWARD TRANSMISSION 
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FIGURE 23 —s42, REVERSE TRANSMISSION 
COEFFICIENT (FEEDBACK) 
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COEFFICIENT (DEGREES) 


ORDERING INFORMATION 


Device Temperature Range Package 
MC1552G —55°C to +125°C —s- Metal Can. 


MC1553G —55°C to +125°C Metal Can a #5 


HIGH FREQUENCY 
VIDEO AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


_ VIDEO AMPLIFIERS 


These devices consist of a three-stage, direct-coupled, common- 
emitter cascade -incorporating series feedback to achieve stable 
voltage gain, low distortion, and wide bandwidth. They employ a 
temperature-compensated de feedback |oop to: stabilize the operating 
point and a current-biased emitter follower output and are intended 
for use as. either wide-band linear amplifiers or as fast rise pulse 
amplifiers. , 7 


- CASE 603B 
METAL PACKAGE 


High Gain — 34dB + 1dB (MC1552) 
52 dB + 1 dB (MC1553) 


Wide Bandwidth — 40 MHz (MC1552) 
35 MHz (MC1553) _ 


Low Distortion — 0.2% at 200 kHz 
Low Temperature Drift — +0.002 dB/°C 


PIN CONNECTIONS 


InputGnd 


7 MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


ating *Syt 
input Differential Voltage, Pin 1.to Pin 2 ; 

_ (Rg = 500 ohms) », Capacitor 
Power Dissipation (Package Limitation) ~ J 
Derate above Ta = +25°C : (Top View) 


Operating Ambient Temperature Range 


‘ 


Storage Temperature Range- ‘ 


REPRESENTATIVE CIRCUIT SCHEMATICS 
FIGURE 1 — MC1552 (LOW GAIN) : FIGURE 2 — MC1553.(HIGH GAIN) 


oO” © Output 


©. 
Gain Select Ext. C Gnd Gain Select 
Inputs : " ; ‘en _. Inputs. 
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MC1552G, MC1553G 


ELECTRICAL CHARACTERISTICS (Untess otherwise noted, Ta = 25°C, Vcc = 6.0 V and specification applies for ail 
~ Gain Selection options. 


Mc15526 pe mcisssc 


Characteristic Fre 


Voitage Gain 
(Gain Option = 50) 
{Gain Option = 100) 
(Gain Option = 200) 
(Gain Option = 400) 
-55°C < Ty < 125°C 
{Gain Option = 50) 
{Gain Option = 100) 
(Gain Option = 200) 
{Gain Option = 400) 
Voltage Gain Variation 
(-55°C <Ta < 125°C) 
Sma!l-Signal Bandwidth 
(Gain Option = 50) 
(Gain Option = 100) 
{Gain Option = 200) 
(Gain Option = 400) 
ae tmpedance 
= 100 kHz, Ry = 1.0k2) 


eo Impedance 

(f = 100 kHz, Rg = 50 2) 
DC Output Voltage 

(-55°C < Ta < 125°C) 
DC Output Voltage Variation 


we 


= 
Be 
N 


Q 


EE: 
ww 
wn 
x 
Po) 
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nN 
ao 
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~ 
v 
x 
- 
N 
ce) 


Lind 
° 


w 
° 
a 


(-55°C < Ty < 125°C) 
Transition (Rise) Time TTHL 
(Gain Option = 400) 
Total Harmonic Distortion 
Ground Pin 6 as close to package as possible to minimize Figure 8. Under these conditions, the following equations 
: Bre ; ; : 1 
place a shield between them to avoid input-output coupling. Fig. 5b C1 = Farads; C2 = 8C1(V,/V;) Farads 
Voltage gain can be adjusted to any value between 50 and 2nf,(1.5 X 104) 


Power Supply Current 
(Gain Option = 50) 
Overshoot 3,4 100 “2 aie 
(Vo = 2.0 V p-p, f = 200 kHz, RL = 1.0k2)} 
overshoot. Best results are usually obtained by directly must be used to determine C7 and c2 rather than the circuits 
A high-frequency capacitor must always be used to by- 2nf,(1.7 X 104) 
3000 by connecting an external resistor from Pin 4 to ground VOo/Vi 


(-55°C < Ta < 125°C) 
Output Voltage Range (z_ < 1.0 k2, Cj = 100 mV rms) 
Propagation Delay Time : ; 3,4 
(Gain Option = 50) 
" (Gain Option = 100) 
(Gain Option = 200) 
{Gain Option = 400) 
(Gain Option = 100) 
(Gain Option = 200) 
Noise Figure 
(Rg = 400 Q, fo = 30 MHz,BW = 3.0 MHz) (See Figure 14) 
NOTES 
grounding the package. : shown in Figure 5. 
If large input and output coupling capacitors are used, 
pass the power supply. This capacitor should be as close to V/Vj 
the circuit as possible. Fig. 5c C1 = Farads 
on MC1552, or from Pin 3 to ground on MC1553, as shown in Fig. 5d C2 = ————————_ Farads 
2nf,(3 X 103) 


FIGURE 3 — TEST CIRCUIT ; FIGURE 4 — PULSE RESPONSE DEFINITIONS 


+6.0 Vde 

v 
3 
Q 
is 
Vi — 

0.1 LF 3 

50 ° 

5 0.9Vv 
= 10k 2o 

Vv Itage 6 
0 


Pin 3 Open 


mcise2 eae 
L200] Ground Pin 3 

Mciss3 Connect Pin 3 to Pin 4]. 
[n00 eins Sands Opes] 


MOTOROLA Semiconductor Products Inc. 
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MC1552G, MC1553G 


TYPICAL CHARACTERISTICS 2 


Ta = +25°C 
FIGURE 5a — FREQUENCY RESPONSE FIGURE 6 — VOLTAGE GAIN versus FREQUENCY 
8 
oe z 
g =< 
pian ao 
2 we 
zt oO 
<x 
ry 40 5 
[=] 
5 = 
am) << 
> 
< 30 
: 
00 100 10k 40k 10k 100 k 1.0M 10M 100 M 0.1 0.2 04 10 2.0 4.0 10 20 40 100 200 1000 
f, FREQUENCY (Hz) f, FREQUENCY (MHz) ; 
{ 
TEST CIRCUITS FOR FREQUENCY RESPONSE ~ __ FIGURE 7 — MAXIMUM NEGATIVE SWING SLEW RATE 
FIGURE 5b — CAPACITIVE COUPLED INPUT (Rg <5 k2) versus LOAD CAPACITANCE 
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2A 30 S 
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0.8 FA \ 
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1A 250 0.3 E 
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1c F 70 2 50 
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= 


0 5.0 10 15 20 25 < 
; AD CAPACITANCE (pF 
ei = ; FIGURE 8 — VOLTAGE GAIN ADJUSTMENT BY, 
: USE OF EXTERNAL RESISTOR 
1c . 3c : 
1D : 3D 09 ~T 
2A : 4A 
2B : 4B 2500 
2c : ac 
2D : 4D 
= 2000 
FIGURE 5d — TRANSFORMER COUPLED INPUT ae 
. 4 
: 
1A tT 3A 2.0 >1000 
1B 2 
1c > 
Bs ‘ia MC 1552 (Ext R 
2A j 
28 0 L 
2c 1.0 2.0 40 10 20 40 100 200 10k 20k 10k 


22. EXTERNAL RESISTANCE (OHMS), 


(AA) MOTOROLA Semiconductor Products Inc. - 
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MC1552G, MC1553G. 


INPUT ADMITTANCE 
- (Voc = 6.0 Vdc, RL = 1.0 k2, Ta = +25°C) 


FIGURE.9 — GAIN = 50 i FIGURE 10 — GAIN = 100 


COC TTT 


0.2 Bees - BE, 4.0 
ee 2 


0 0 
1.0 2.0 - “6.0 7.0 10 20 $0 70 100 1.0 20. 7.0 10 20 50 70 100 
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FIGURE 12 — GAIN = 400 
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FIGURE 11 — GAIN = 200 
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_ FIGURE 13 — OUTPUT IMPEDANCE versus FREQUENCY 
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ORDERING INFORMATION : 
Device © Temperature Range Package 
MC1454G - 0°C to +70°C Metal Can MC14546 


MC1554¢ 


MC1554G —55°C to +125°C Metal Can 


a | 1-WATT 


: POWER AMPLIFIER 
1-WATT POWER AMPLIFIERS _- . INTEGRATED CIRCUIT 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 


_ . . designed to amplify signals to 300-kHz with 
1-Watt delivered to a direct coupled or capac- 
itively coupled load. : 


External 
Compensation 
@ Low Total Harmonic Distortion — 0.4% (Typ) @ 1 Watt 


@ Low Output Impedance — 0.2 Ohm 


External 


@ Excellent Gain — Temperature Stability Compensetion 


Options 
G SUFFIX 
. CASE 603B 


Gain Option #1 Maal a=sevy | | | | tl : 


ES RS SN fe ee a ed 
om TL 


HL Pout = 1.0 Wirms) 
HN a MINS 
Vec = 16 V 


SH Nae 


1.0k 2.0k §.0k 10k . 
f, FREQUENCY (Hz) 


Ay, VOLTAGE GAIN (dB) 


MAXIMUM AVAILABLE OUTPUT POWER 
(SINE WAVE) — 


GAIN 


° 
OPTIONS : COMPENSATION 
7 o 


BIAS REF. O 


~ Mecl+ Veet, SUPPLY VOLTAGE (VOLTS) 


Ry, LOAD RESISTANCE (OHMS) 
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ELECTRICAL CHARACTERISTICS (Tc = +25°C unless otherwise noted) 
Frequency compensation shown in Figures 6 and 7. 


MC 1554 MC 1454 
(-55 to +125°C) (0 to +70°C) 
Characteristic 


Output Power (for egyut<5.0% THD) 
. ]Power Dissipation (@ Pout = 1.0 W) 


Input Impedance 
Output Impedance 


Power Bandwidth ; 
(for @gyt<5.0% THD) 


Total Harmonic Distortion 
(for ej,<0.05% THD, f = 20 Hz 
to 20 kHz) 
Pout = 1.0 Watt (sinewave) 
Pout = 0.1 Watt (sinewave) 


Zero Signal Current Drain 
Output Noise Voltage : 


Output Quiescent Voltage 
(Split Supply Operation) 

Positive Supply Sensitivity : 
(VEE constant) ‘ 


Negative Supply Sensitivity 
(Vcc constant) ; 


*To obtain the voltage gain characteristic desired, use the following pin connections: Voitage Gain Pin Connection 
. 10 Pins 2 and 4 open, Pin 5 to ac ground 
18 Pins 2 and 5 open, Pin 4 to ac ground 
36 Pin 2 connected to Pin 5, Pin 4 to ac ground 


Characteristic Definitions 
(Linear Operation) . 


FIGURE 1 FIGURE 3 FIGURE 4 


open 


FIGURE 5 


open 


MOTOROLA Semiconductor Products Inc. 
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MAN RATINGS auc = +25°C unless otherwise noted) 


eee ee 
"Total Power Supply Voitage \Vccl + Vel 


Peak Load Current | tout | 
Radka Ovi Pont amr 


Power Dissipation (package limitation) 
Ta =+25°C 


Derate above 25°C 
To = +25°C 
Derate above 25°C 


Operating Temperature Range MC1454 0 to +70 
; . MC1554 -55 to +125 
Storage Temperature Range -55 to +150 


TYPICAL CONNECTIONS 
FIGURE 6 — SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 — SINGLE SUPPLY OPERATION VOLTAGE 
GAIN (Ay) = 10, fr ow 25 Ha ° GAIN (Ay) = 10, fiw 100 Hz 


Vcc 39 pF 


RECCOMIENDED OPERATING CONDITIONS 


In order to avoid local VHF instability, the following set of rules must be - 3. Lead lengths from the external components to pins 7, 9, and 10 of the 
adhered to: : package should be as short as possible to insure good VHF grounding 
1. An-R-C stabilizing network (0.1 uF in series with 10 ohms) should be for these points. 
placed-directly from pin 9 to ground, as shown’in Figures 6 and 7, using 3 
short leads, to eliminate local VHF instability caused by lead inductance Due to the large bandwidth of the amplifier, coupling must be avoided be- 
to the load. tween the output and input feads. This can be assured by either (a) use of 
2. Excessive lead inductance from the Vcc supply to pin 10 can cause high short leads which are well isolated, (b) narrow-banding the overall amplifier 
frequency instability. To prevent this, the Vocby-pass capacitor should by placing a capacitor from pin. 1 to ground to form a low-pass filter in com- 
’ be connected with short.leads from the Vcc pin to ground. If this capaci- bination with the source impedance, or (c) use of a shielded input cable. In 
tor is remotely located a series R-C network (0.1 .F and 10 ohms) should applications which require upper band-edge control the input low-pass filter 
be used directly from pin 10 to ground as shown in Figures 6 and 7. is recommended. 
TYPICAL CHARACTERISTICS 
FIGURE 8 - TOTAL HARMONIC DISTORTION FIGURE 9 — TOTAL HARMONIC DISTORTION 
versus LOAD RESISTANCE = versus FREQUENCY 


HT Ay = 36, Ry = 10.2 il 


A Cot coh 
Ha = 


te TT Il 
Se ii 
Sililiem 


A ee ee COT ened 
ST am acca 


— — 10% MAX POWER OUTPUT 
90% MAX POWER OUTPUT 


RRR eR: 


. THD, TOTAL HARMONIC DISTORTION (%) 
THD, TOTAL HARMONIC DISTORTION (%) 
i=] 


10 100 10k 20K 50k 10k : 100k 
R,, LOAD RESISTANCE (OHMS) am f, FREQUENCY (Hz) 


Circuit diagrams utilizing Motoroia products are incituded as a means is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to. the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others.- 
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_ Ay, VOLTAGE GAIN (V/V) 


Ay, VOLTAGE GAIN (d8) 


FIGURE 10 — VOLTAGE GAIN versus TEMPERATURE 


Ta, AMBIENT TEMPERATURE (°C) 


(AA) MOTOROLA Semiconductor 


MC1454G, MC1554G 


100 


TYPICAL CHARACTERISTICS (continued) 


~ FIGURE 11 — OUTPUT VOLTAGE CHANGE 


Ry = 16 OHMS 
Vec = 8 Vie 
Veg = -8 Vdc 


Vo{de)» QUIESCENT OUTPUT VOLTAGE CHANGE (mVdc) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 12 — VOLTAGE GAIN versus FREQUENCY (Ry, +00) 
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(Ser Figure 7) 
1.0k 2.0 5.0 
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FIGURE 13 — MAXIMUM DEVICE DISSIPATION 
(SINE WAVE) 


125 


Ta, MAX AMBIENT TEMP (°C) 


10 ~~«2.0 
Ry, LOAD RESISTANCE (OHMS) 
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ORDERING INFORMATION 


Temperature 
Device Alternate Range Package 


MC1455G O°C to +70°C Metal Can 


MC1455P1 NES55V 0°C to +70°C Plastic DIP M1455 


MC1455U et 0°C to +70°C Ceramic DIP C 
MC1555G — —55°C to +125°C . Metal Can M 15 55 


MC1555U _ » 55°C to +125°C Ceramic DIP 


Specifications and Applications 
Information — 


TIMING CIRCUIT 


The MC1555/MC1455 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For astable’ operation as an 
oscillator, the free running frequency and the duty cycle are both 
accurately controlled with two external resistors and one capacitor. 
The circuit may be triggered and reset on falling waveforms, and 
the output structure can source or sink up to 200 mA or drive 
MTTL circuits. 
@ Direct Replacement for NE555/SE555 Timers 
Timing From Microseconds Through Hours 
Operates in Both Astable and Monostable Modes 
Adjustable Duty Cycle 
High Current Output Can Source or Sink 200 mA 
Output Can Drive MTTL 
Temperature Stability of 0.005% per °C 
Normally “On” or Normally “Off” Output 


P1 SUFFIX 
PLASTIC PACKAGE 
“CASE 626 
(Top View) 
(MC1455P 1 only) 


FIGURE 1 — 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


4.6 A (RMS) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


117 VAC 60 Hz 


Time delay (t) is variable 
by changing R and C. (See 
Figure 16 .) 


ae ee 
ee 


as [Fite | 


TYPICAL APPLICATIONS 
@ Time Delay Generation © Precision Timing @ Missing Pulse Detection 
© Sequential Timing ®@ Pulse Generation © Pulse Width Modulation 


© Linear Sweep Generation @ Pulse Shaping @ Pulse Position Modulation 
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1 
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3 
4. 
5 
6. 
7 
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TIMING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. Ground 
. Trigger 
. Output 


Reset — 


. Control Voltage 
. Threshold 
. Discharge 


-Voc 


G SUFFIX ~ 


METAL PACKAGE 


AY OTaaN> 


CASE 601 


Ground 
Trigger 
Output 
Reset 


. Control Voltage 


Threshold 


- Discharge 


Vec 


MC1455, MC 1555 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) FIGURE 3 — GENERAL TEST CIRCUIT 


[vee [on] 
200 mA 
Power Dissipation (Package Voltage MC1558 
Limitation) MC1455 
Meta! Can 
Derate above Ta = +25°C 
Plastic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Temperature Test Circuit for Measuring dc Parameters: 
‘ (to set output and measure parameters) 


Range (Ambient) MC1555 -55 to +125 a). When Vg > 2/3 Vcc. Vo is low. 


MC 1455 0 to +70 b). When Vg < 1/3 Vcc. Vo is high. 

c). When Vo is low, pin 7 sinks current. To test for Reset, 
set Vo, high, apply Reset voltage, and test for current 
flowing into pin 7. When Reset is not in use, it should 
be tied to Vcc. 


Supply Vottage 
Supply Current 
Voc = 5.0 V, Ry = 
Vec = 15 V, Ry = 
Low State, (Note 1) 
Timing Error (Note 2) 
R = 1.0 k® to 100 k2 
Initial Accuracy C = 0.1 uF 
Drift with Temperature 
. Drift with Supply Voltage 
' {| Threshold Voltage 


_ Trigger Voitage 
Vec = 15 V 
Vcc = 5.0 V 


PPM/°C 
%/Volt 


Control Voltage Level 
Vec = 15 V 
Vcc = 5.0 V 
‘ Output Vottage Low 
(Veco = 15 V) | 
Isink = 10 mA 
‘Isink = 50 mA 
lsink =100 mA 
‘sink = 200 mA 
(Vec = 5.0 V) 
Isirik = 8.0 mA 
‘sink = 5.0 mA 
Output Voltage High 
{lsource = 200 mA} 
Vec = 15 V 
(source = 100 mA) 
Voc = 18 V 
Vec= 5.0 V ; 


Rise Time. of Output 
Fall Time of Output 


< 
ie) 
x 


NOTES: : 
1. Supply current when output is high is typicatly 1.0 mA less. . 
2: Tested at Vcc = 5.0 V and Vcc = 15 V. oe 46 3. This will determine the maximum value of Ra + Rg for 15 V operation. 


. Monostable mode The maximum total R = 20 megohms. i 
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TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 4 — TRIGGER PULSE WIDTH FIGURE 5 — SUPPLY CURRENT FIGURE 6 — HIGH OUTPUT VOLTAGE 


150 2.0 
1% 5 =e 
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z 50 ce ae ee 
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j > a OE i a 
50 10 15 10 20 50 10 50 100 
VT(min), MINIMUM TRIGGER VOLTAGE , Voc, SUPPLY VOLTAGE (Vdc) ee 
(X Vec = Vde) : 
FIGURE 7 — LOW OUTPUT VOLTAGE FIGURE 8 — LOW OUTPUT VOLTAGE FIGURE 9 — LOW OUTPUT 
@ Vcc = 5.0. Vde @ Vcc = 10 Vde VOLTAGE @ Vcc = 15 Vde 
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ee 

YT 
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FIGURE 10 — DELAY TIME FIGURE 11 — DELAY TIME : : FIGURE 12- PROPAGATION DELAY. 


versus SUPPLY VOLTAGE _ versus TEMPERATURE versus TRIGGER VOLTAGE 
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: ncRNA suymimrenangiienrass | Bou ae j, pemnemerreg 
© THRESHOLD | : 
OMPARATOR 


Threshold 6 o~ 


FIGURE 13 — REPRESENTATIVE 
CIRCUIT SCHEMATIC 


Trigger 2 


Reset 40 


Discharge 7 0+ 


> 2 fhe 
GND =: 


GENERAL OPERATION 


The MC1555 is a monolithic timing circuit which uses as its 
timing elements an external resistor — capacitor nétwerk. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com- 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voitage; also a flip-flop and digital output are included. The com- 
parator reference voltages are always a fixed ratio of the supply 


.. voltage thus providing output timing independent of supply voltage. 


Monostable Mode - 


In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 

. comparator falls below 1/3 Vcc thé comparator output triggers 
‘ the flip-flop so that it’s output sets low. This.turns the capacitor 
», discharge ‘transistor ‘‘off’’ and drives the digital output to the high 

‘state. This condition atlows the capacitor to charge at an ex- 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vcc the threshold comparator resets 
the flip-flop. This action discharges. the timing capacitor and re- 
turns the digital output to the flow state. Once the flip-flop has 
been triggered by an input signal, it cannot. be retriggered until 
the. present timing period has been completed... The time that the 
‘output is high is given by the equation t = 1.1 Ra C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 


period. : 


A reset pin is provided to discharge the capacitor thus inter- 
rupting the timing cycle. As long as the reset pin is low, the capaci- 
tor discharge transistor is turned ‘on’ and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset-pin should be tied to the supply 
voltage when not in use. 


FIGURE 14 ~ MONOSTABLE CIRCUIT 


+Voc. (5 to 15 V) 


Discharge 
a 


MC1555_ Cc 


MC1455 ‘ 
5 Threshold 


Control! 


0.01 ue Voltage 


Output 
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GENERAL OPERATION (continued) 
FIGURE 15 - MONOSTABLE WAVEFORMS FIGURE 17 — ASTABLE CIRCUIT 


*Vecld to 15 Vv) 
1 
t 


RE 


MC1555 
MC1455 


een 


Capacitor Voltage 5.0 V/cm 


t= 50 us/cm 
(Ra = 10k, C=0.01 nF, Ry = 1.0k2 »Vec = 16 Vv) 


Ht | Tt 
Piet Tt 
Sane 


FIGURE 16 — TIME DELAY : FIGURE 18 — ASTABLE WAVEFORMS 
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SCZ SEER 

oni Z| aN a KO 

4 ae Capacitor Voitage 
aa us 1004s 1.0 ms 10 ms 100 ms 1.0 10 100 7 
td, TIME DELAY (s) serge rs 

Astable Mode (Ra =5.1k2,C =0.01 vf, Ry = 1.0k2; 


Rg =3.9k2, Voc = 15 V) 

In the astable mode the timer is connected so that it will ‘ 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Voc and 2/3 Vcc. See Figure 17. 

The external capacitor charges to 2/3 Vcc through Ra and Rg ; 
and discharges to 1/3 Vcc through Rg. By varying the ratio of FIGURE 19 — FREE-RUNNING FREQUENCY 
these resistors the ‘duty cycle can be varied. The charge and : 
discharge times are independent of the supply voltage. ~ 
The charge time (qutput high} is given by: tz = 0.695 (Ra+Rg) C 
The discharge time (output low) by: tg = 0.695 (Rp) C 
Thus the total period is given by: T = ty + tz = 0.695 (Ra+2Rg) C 


ig 

1 1.44 = 

The frequency of oscillation is then: f = — = ——___-_ w 
rae, T (Ra+2Rg) C 2 

and may be easily found as shown in Figure 19. 5 
~ Rg <x. 

62 oh : se < 

The duty eye is given by: DC Ratoag S 
o 


To obtain the maximum duty cycle R A must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 
The minimum vatue of Ra is given by: - 
>Vec {Vde) 5 Voc (Vdc) Od 10 10 100. 10k 10k 100k 
17 (A) - 0.2 : f, FREE-RUNNING FREQUENCY (Hz) 
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APPLICATIONS INFORMATION 


Linear Voltage Ramp . 

In the monostable mode, the resistor can be replaced by a con- 
stant current source to provide a linear ramp voltage. The capaci- 
tor still-charges from 0 to 2/3 Vcc: The linear ramp time is given 


by __ 2 Vcc 
t=; — 
31 
Vcc - VB - VBE 
| Re , 
then t can be made independent of Vcc. 


where | = If Vg is much larger than Vege, 


FIGURE 20 — LINEAR VOLTAGE SWEEP CIRCUIT 


MC 1555 
“MC1455 


Digital! 
Output 


0.01 MF TS 


\ 


FIGURE 21 — LINEAR VOLTAGE RAMP WAVEFORMS 
(Re = 10k, R2 = 100 kQ, R1 = 39 kQ, C =0.01 uF, Vcc = 15 V) 


t = 100 us/cm 


Missing Pulse Detector 


The timer can be used to produce an output when an input 
pulse fails to occur within the delay of the timer. To accomplish 
this, set the time delay to be slightly longer than the time between 
successive input pulses. The timing cycle is then continuously reset 
by the input pulse train until a change in frequency or a missing 
pulse allows completion of the timing cycle, causing a change in 
the output level. ; 


FIGURE 22 


+Vcc (5 to 15 V) 


Output 
MC1555 
MC1455 


FIGURE 23 — MISSING PULSE DETECTOR WAVEFORMS 
(Ra = 2.0k2, RL =1.0k2,C=0.1 uF, Voc = 15 V) 


penetra erase enneinemnsraatstaiie niin 
2 
Input Voltage 
‘ 2.0) Veem 


Output Voltage 
5:0 V.cm 


Capacitor Voltage 
eM Fo 


t = 500 ps/em 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation FIGURE 25 — PULSE WIDTH MODULATION WAVEFORMS 


lf the timer is triggered with a continuous pulse train in the : (Raq = 10k2, C = 0.02 uF, Voc = 15 V) 
monostable mode of operation, the charge time of the capacitor : 
can be varied by changing the contro! voltage at pin 5. In this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 24 


+Vec (5 to 15 Vv) 


~ Output 


MC1555 
MC 1455 


Modulation Test Sequences 
Input © 


Several timers can be connected to drive each other for sequen- 
tial timing. An example is shown in Figure 26 where the sequence 
is started by triggering the first timer which runs for 10 ms. The 
Output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 26 


» 27k , 
O O04. 
0.01 pF : 


Vcc (5 to 15 V) 


"  MC1555 MC1555 
es MC1455 MC1455 
O 


0.001 uF . 0.001 wr 


5.0 nF | : 


MC1555 


MC1455 


5.0 nF 


Load 


Mc1464 


| Product Preview | 
$$ NPN 


POWER DARLINGTON 


DRIVER: 
3.0 AMPERE NPN POWER DARLINGTON DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


... designed for use as an output device in complementary general 
purpose amplifier applications. 

The MC1464 can also be used for driving lamps, relays, or printer 
hammers in a variety of industrial and consumer applications. . 


. High DC Current Gain 
hee = 2000 (Min) @ Ic =3.0A 


Can Be Voltage or Current Driven 


High Collector-Emitter Breakdown Voltage 
BVCEO = 80 V (Min) @ Ic = 100 mA 


Includes Current Limit Control 


Emitter 
. Current Drive (Base) - 
. Current Limit Control 
. Voltage Drive 

. Collector 


OPRwWN= 


20 40 60 80 100-120 14 
Tc, CASE TEMPERATURE (°C) 


Pp, POWER DISSIPATION (WATTS) 


” ORDERING INFORMATION 


Temperature 
Range Package 


MC1464P 


This is advance information and specifications are subject to change without notice. 


8500 


MC 1464 


MAXIMUM BAUINGS 


Base Current 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junctién Temperature Renee 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
Characteristic Symbol [Min | Typ [Max [Unit | 
OFF CHARACTERISTICS: an : 
Diode Breakdown Voltage 

(1 = 1.0 mA) 
Diode Forward Voltage 

(tp = 5.0 mA) 

(lp = 0.5 mA} 


Collector: Emitter Breakdown Voltage 
(ic = 100 mA, Ig = 0) 


Collector Cutoff Current 
(Vcp = 80 V, te =0, Ta = 25°C) 
(Vcp = 80.V, te = 0, Ta = 100°C) 
Emitter Cutoff Current 
(VBE = 5.0'Vde, Ic =.0) 
ON CHARACTERISTICS 


DC Current Gain!1) : | | 
(ic = 3.0°Adc, Vcg = 3.0 V) . ; 


Cotlector-Emitter Saturation Voltage aL iall 
(Ice = 3.0 Ade, Ig = 12 mAdc) 
Base-Emitter On Voltagel1) : _VBE(on) 


DYNAMIC CHARACTERISTICS 
Small-Signal Current Gain 


x 


(Ic = 3.0 Adc, Veg = 3.0 Vac, f = 1.0 MHz), 


(1) pulse Test: Pulse Width < 300 ys, Duty Cycle < < 2.0%. 


4 


(A) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION a 
Package 


_ Device Temperature Range 
MC1590F —55°C to +125°C Ceramic Flat 
MC1590G Metal Can: 


—55°C. to +125°C 


RF/IF/AUDIO AMPLIFIER 


. . an integrated circuit featuring wide-range AGC for use in RF/IF 
amplifiers and audio amplifiers over the temperature range, - 55 to 
+125°9C. See Motorola Application Note AN-513 for design details. 


® High Power Gain — 50 dB typ at 10 MHz 
45 dB typ at 60 MHz 
35 dB typ at 100 MHz 


@ Wide-Range AGC — 60 dB min, dc to 60 MHz. 
@ Low Reverse Transfer Admittance —<10 umhos typ at 60 MHz 
@ 6.0 to 15-Volt Operation, Single-Polarity Power Supply 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


. Power Supply Voltage ; 


Operating Temperature Range 


REPRESENTATIVE CIRCUIT SCHEMATIC 


79Vcc 


Vuacc) 70 


Pins 4 and 8 should both be connected to circuit ground. Substrate o 
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| 


ame 12.1k 
ARO) a 
pal at (16 
fe 


Input Reflectio 0.95 - 
; Coefficient 


WIDEBAND AMPLIFIER 
WITH AGC 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 


Cass. 
Ground 


G SUFFIX 
METAL PACKAGE Substrate 
‘CASE 601 Ground 
TO-99 , 


F SUFFIX 
CERAMIC PACKAGE 


CASE eee (Same Pin Connections as Above) 


ADMITTANCE PARAMETERS (Vcc = +12 Vdc, 
Ty = +25°C) 2 


Single-Ended !nput 
Admittance 
Single-Ended Output 
Admittance ; 


Forward Transfer 
Admittance 
(Pin 1 to Pin 5) 


*The value of Reverse Transfer Admittance includes 
the feedback admittance of the test circuit used in 
the measurement. The total feedback capacitance - 
{including test circuit) is 0.025 pF and is a more 
practical value for design calculations than: the in- 
ternal feedback of the device alone. (See Figure 10.) 


| SCATTERING PARAMETERS (Voc = +12 Vde, 
Ta = +25°C, Zo = 50 2) 


f = MHz 
‘Parameter [Symbol Typ 


Output 
Reflection $22 
Coefficient 092 
Forward 
Transmission $91 
921 
‘$12 
942 


Coefficient 


Reverse. 
Transmission 
Coefficient 


-MC1590 


- ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, £=60 MHz, BW = 1.0 MHz, Ta = ~55°C to 125°C unless otherwise noted) 


AGC Range 
(Vi (AGC) = 5.0 V to 7.0 V) 
I (AGC) = 5.0 V to 7.0 V, Ta = 25°C) 


Noise Figure 
(R, optimized for best NF) 
Output Voltage Swing (Pin 5): 
Differential Output (Figure 25) 
(0 dB AGC) 
(0 dB AGC, Ta = 25°C) 
‘(-30 dB AGC) 
{-30 dB AGC, Ta = 25°C) 
_Single- Ended Output (Figure 24) 
(0 dB AGC) 
(0 dB AGC, T, = 25°C) 
*  (-30 dB AGC) 
(~30 dB AGC, Ta, = 25°C) 
Output Stage Current 
(Sum of Pins 5 and 6) 
{Ta = 25°C) 
Output Current Matching 
(Magnitude of Difference of Output Currents) 
, (Tp = 25°C) 
Power Supply Current 
(Vg =0V) 
(Vo = OV, Ta = 25°C) 
Power Consumption 
(Vy =O0V) 
(Vy =0V, Ta = 25°C) 


FIGURE we UNNEUTRALIZED POWER GAIN versus FREQUENCY FIGURE 2.~ VOLTAGE GAIN versus FREQUENCY 


_ (Tuned Amplifier, See Figure 24) (Video Amplifier, See Figure 26) 
a CT ete veg eve] 
Vee = 12 Vde = L i 
2 ee Le | Be 
See Set 
’ 2 5 50 (RES meee ——| e IN 
55 Se : CC CC 
a ae es i) 
pe a ST are TIN ma 
A ae Se a a] Si ma maiiillim Baill oH 
Bee Oe bs ee ACC 
Se ee Meee ie ee i CALETA TTT 
gg Gene eee Gee fos z RT AT AN 
pe eee > LUE meal TT AUT 
of tT re TTT TTT TTT ACT 


O04 100 1000 


f, FREQUENCY (MHz) 
; f, FREQUENCY (MHz) 
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 MC1590 


yy (AGC) 


FIGURE 3 —‘é ai Nc. RANGE: OUTPUT VOLTAGE versus 
INPUT: ¢ “TAGE (Video Amplifier, See Figure 26) 


UT TT TTT 


LTNG 
Mil 
WIMERNEBIE 


_ 


v 


ey, QUTPUT VOLTAGE (VOLTS RMS) 


4 

ie a 

=a = 
atime 

a ian 


b 
: 


HH 
1 


2.0 5.0 
e;, INPUT VOLTAGE (mVRMS) 


_ FIGURE 5 — VOLTAGE GAIN AND SUPPLY CURRENT versus 
SUPPLY VOLTAGE (Video Amplifier, See Figure 26) E 


40 a, =10k2 


45 Bes be 
f = 1.0MHz — nn 


a 
z 
z 
- oa : 
3 
< 30 15 
on a oe 
> 25 12 
a 
a 
= 20 9.0 
uw 
wa 
a 15 6.0 
2 
”n 
3 10 3.0 
< 

5.0 0. 

0 2.0 4.0 6.0 8.0 10 12 14 16 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 — TYPICAL GAIN REDUCTION versus AGC CURRENT 


GAIN REDUCTION (dB) 


140-160 


80 
-40 -20 0 20 40 60 80 100 120 
lage AGC CURRENT (uA) 


tcc, SUPPLY CURRENT (mAdc) 


Gp, PO 


TYPICAL CHARACTERISTICS 
= 0, Vcc = 12 Vde, Ta = +25°C unless otherwise noted) 


‘FIGURE 4 — VOLTAGE GAIN versus FREQUENCY 
: Nee Anite s See Figure 26) 


Resto saga ill 


Prem | irr} TN 
ia 
iit aii Se 


Ay, SINGLE-ENDED VOLTAGE GAIN (dB) 


3.0 5.0 10 
f, FREQUENCY (MHz) 


30 50 100 300 


FIGURE 6 — TYPICAL GAIN REDUCTION 
’ versus AGC VOLTAGE 


GAIN REDUCTION (dB) 


0°30 60 90°12 1 18 21 24 27 30 
Vage, AGC VOLTAGE (Vde) 


FIGURE 8 — FIXED TUNED POWER GAIN REDUCTION 
versus TEMPERATURE (See Test Circuit, Figure 24) 


WER GAIN (4B) 
& 


+10. 
0 
Vec = 12Mde 
|| # = 60 MHz 
-10 Y [Rage = 5.6 ko 
or deen 
5.0 5.2 5.4 5.6: 6.0 - 64 6.6 6.8 70 


vi (asc nAGC VOLTAGE “ volts) 
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Gp, POWER GAIN (dB) 


NF, NOISE FIGURE (dB) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 — POWER GAIN versus SUPPLY VOLTAGE FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 


(See Test Circuit, Figure 24) FREQUENCY (See Parameter Tabie, Page 1} 


Ip, POWER SUPPLY CURRENT (mAdc) 


Y12, REVERSE TRANSFER ADMITTANCE (umho) 


0 2.0 4.0 6.0 8.0 10 12 14 16 
Voc, POWER SUPPLY VOLTAGE (Vdc) f, FREQUENCY (MHz) 


FIGURE 11 — NOISE FIGURE versus FREQUENCY FIGURE 12 — NOISE FIGURE versus SOURCE RESISTANCE 


Tr 
| veo ve | TTT PEM 
B7anan) 


NF, NOISE FIGURE (dB) 
ss ; 


|_| 
sales ba 
5 SSE | css 
a eee ieee nl 


15 20 «25 «#430 35 40 50 60 76 80 90 100 150 . 100. 1.0k 10k 
f, FREQUENCY (MH2) Rg, SOURCE RESISTANCE (Ohms) 


FIGURE 13 — NOISE FIGURE versus AGC GAIN REDUCTION . 
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‘ORWARD TRANSFER ADMITTANCE (mmhos) ° 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 14 — SINGLE-ENDED OUTPUT ADMITTANCE FIGURE 15 — SINGLE-ENDED INPUT ADMITTANCE 


NGLE OF FORWARD TRANSFER. 


25 10 
- pope es eR 
a ae a ee t+ ttt 
E ee), bg e eter reel) Lap 
2 ee BE RP2 ee Eee 
E fC a Gal Sa 
ee) (a 2 a ee oe es ie 
5 7] 
er =o Re Be a eee 
> oe Ee 
1.0 , 
0 | pp oe a = 
20 200 20 40 100 ; 200 
f, FREQUENCY (MHz) ; f, FREQUENCY (MHz) ° 
FIGURE 16 — HARMONIC DISTORTION versus AGC GAIN FIGURE 17 —.10.7MHz AMPLIFIER 
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 17) Gain ~ 55 dB, BW = 100 kHz 
9 f = 10.7MHz. 
5 Modulation: 90% AM, fm = 1.0 kHz 
a Load at PinS = 2.0ka2 ac 
ww 5 u : §0 82 
zu Eq = Peak-to-Peak Envelope of ie ee, Uae | Load 
= Fe Modulated 10.7 MHz Vi (Age) © 
2 a Carrier at-Pin 5 paw ‘asta: 
§ rs (50 £2 Source) ~ 
& & . O +12 Vde 
=* 4 
< L1 = 24 Turns, No. 22 AWG wire 
ona T1244 Micro Metal 
| Sree Dea Sra RENE PRR) U2 = 20 Toree No, 22 AW Wine 
0 10 20 30 40 50 60 70 80 on a'F Lesa Miles Metal 
GAIN REDUCTION (dB) ; ea Ari a 
FIGURE 18 — vay FORWARD TRANSFER ADMITTANCE caunE 19 -—Y921, FORWARD TRANSFER ADMITTANCE 
RECTANGULAR FORM | POLAR FORM 


ADMITTANCE (degrees) 


160 ope tt 180 betel 0 
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80 & cP eo es a TL ANNU TT -90 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 20 — $47 AND S22, INPUT AND OUTPUT FIGURE 21 — $44 AND S22, INPUTAND OUTPUT. 
REFLECTION COEFFICIENT a - REFLECTION COEFFICIENT. 
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FIGURE 22 — S91, FORWARD TRANSMISSION FIGURE 23 — S12, REVERSE TRANSMISSION 
COEFFICIENT (GAIN) COEFFICIENT (FEEDBACK) 
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TYPICAL APPLICATIONS 


FIGURE 25 — DIFFERENTIAL OUTPUT VOLTAGE SWING, 


FIGURE 24 — 60-MHz POWER GAIN TEST CIRCUIT (V5, V6) (60 MHz) 


Vcc Gnd 


! Shield” 
4) . eae Output 
(50 2) 
VI 
(0) 
Input = 
(50.9) 
+12 Vde Vi(aGc) & 
= 0.001 uF 
Vi (AGC) Moot aF AR _ 
L1=7 Turns, #20 AWG Wire, 5/16” Dia,, Ci,C2,C3 = (1-30) pF = +. = 
5/8” Long C4 = (1-10) pF L1: 7 Turns, # 22 AWG Wire 
L2 = 6 Turns, #14 AWG Wire, 9/16” Dia., ae Dia. Form, 
ie ng 
3/4" Long Ti: Close Wound Over 1/4” Form 
: Primary Winding = 16 Turns # 26 AWG, Center Tapped 
Secondary Winding = 2 Turns # 26 AWG. 
FIGURE 26 — VIDEO AMPLIFIER 
1.0 pF 
eq 
Vi (AGC) 
0.001 uF 
0.001 uF +12 Vdc 
FIGURE 27 — 30-MHz AMPLIFIER = 
(Power Gain = 50 dB, BW ~ 1.0 MHz) FIGURE 28 — 100-MHz MIXER 
: VaGc = 6.0 V 
Input from 
Local Oscillator (1-10) pF 
11 (70MHz) 190 (1-30) pF 
(1-30) pF (1-10) pF IF Output 
Be (30 MHz) 
RL = 5022 Signal tnput : 
Input 7 ; (100 MHz) 
(502) = : . 
= (1-30) pF aavie 
Vi (ace) il eas alts aaa 
of L1 = 12 Turns #22 AWG Wire on a Toroid Core, x ee aan oy 
{137-6 Micro Metal or Equiv) : r. L1=5 Turns, #16 AWG Wire, 1/4” 1D, 
T1: Primary = 17 Turns #20 AWG Wire ona Toroid Core, : ; 5/8” Long ‘ 
(144-6 Micro Metal or Equiv) ; L2 = 16 Turns, #20 AWG Wire on a Toroid 
: Core, (744-6 Micro Metal or Equiv) 


Secondary = 2 Turns #20 AWG Wire 


= (AA) MOTOROLA Semiconductor Products Inc. 
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TYPICAL APPLICATIGNS (continued) 


FIGURE 29 — TWO-STAGE 60 MHz iF AMPLIFIER (Power Gain ~ 80 dB, BW ~ 1.5 MHz} 


Vi (AGC) 10 k 


/ 


Input 5.1k Shield 


(502) 24 pF 


/ Shield 


(4-10) pF 
yy 0.002 uF 


(1-10) pF 


foe Lathes ; nie + Pri inding = i "1D Air Core 
T1: Primary Winding = 15 Turns, #22 AWG Wire, 1/4 iD Air Core T2: Primary Winding = 10 Turns, #22 AWG Wire, 1/4 
"~~ Secondary Winding = 4 Turns, #22 AWG Wire, Secondary Winding = 2 Turns, #22 AWG Wire, 
Coefficient of Coupling ~ 1.0 Coefficient of Coupling ~ 1.0 


FIGURE 30 — SPEECH COMPRESSOR 


Output 


ai 
MPS6517 


' DESCRIPTION OF SPEECH POM Besson 


The amplifier drives the base of a PNP MPS6517 operating common-emitter with a voltage gain of approxi- 
mately 20. The control R1-varies the quiescent O point of this transistor so that varying amounts of signal 
exceed the ievei V,. Diode D1 rectifies the positive peaks. of Q1‘s output-only when these peaks are greater 
than V, ~7.0 Volts: The resulting output is filtered by cy, Ry 

Ry Sohecie the charging time constant or attack time. Ci is anaived in both charge and discharge. R2 (the 
150 KO and input resistance of the emitter- foliower Q2) controls the decay time. Making the decay long and 
attack short is accomplished by making R, small and R2 large: ‘A Batlingron emitter -follower may be needed 
if extremely slow decay times are required. ) x 

The emitter-follower Q2 drives the AGC Pin 2 of the MC 1590 and reduces the gain. R3 controls the slope 
"of signa! compression. The following graph details performance with R3 set to 15 kQ. 


@) MOTOROLA Semiconductor Products Inc. 
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FIGURE 31 — OUTPUT VOLTAGE versus INPUT VOLTAGE ' TABLE I — DISTORTION versus FREQUENCY 


N 


~ DISTORTION 

FREQUENCY 100 mV 6; 100 mV 6 
100 Hz 

300 Hz 

1.0kHz 

10 kHz 


€o, OUTPUT VOLTAGE (VOLTS) 


100 kHz 
Decay = 300ms_ - Decay = 20 ms 
Measured from 100 Hz to 1.0 MHz Attack =.20 ms Attack = 3 ms 
for Vatues of Attack from . 
30 to 4.0 MHz. Cy = 7.5 uF Cy = 0.68 uF 
Rx = 0 (Short) Ry = 1.5 kQ 


0.1 03 05 10 3.0 50 10 30 50 100 
@;, INPUT VOLTAGE (mV) . 


THERMAL INFORMATION 


_The maximum power consumption an integrated’ voltages and supply currents at the worst-case oper- 
circuit can tolerate at a given operating ambient ating condition. 
temperature, can be found from the equation: ; 


. 


TF J(max) = Maximum Operating Junction 
Sa T J(max) =TA a Temperature as listed in the 
A) oR, Raya (Typ) _ Maximum Ratings Section _ 
Ta = Maximum Desired Operating Ambient 
; Temperature , 
Rayal(Typ) = Typical Thermal Resistance 
Junction to Ambient 


Where: PD(T a) = Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 


Circuit diagrams utilizing Motorola products are inciuded asameans_ is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC1494L - 0°C to +70°C ~——— Ceramic DIP 


MC1594L —55°C to +125°C Ceramic DIP 


MC1494L. 


MC1594L 


Specifications and Applications 
Information 


MONOLITHIC FOUR-QUADRANT MULTIPLIER 


. . . designed for use where the output voltage is a linear product of 
two input voltages. Typical applications include: multiply, divide, 
square root, mean square, phase detector, frequency doubler, balanced 
modulator/demodulator, electronic gain control. 

The MC1594/1494 is a variable transconductance multiplier with 
internal level-shift circuitry and voltage regulator. Scale factor, input 
offsets and output offset are completely adjustable with the use of four 
external potentiometers. Two complementary regulated voltages are 
provided to simplify offset adjustment and improve power-supply 
rejection. 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
~ CIRCUIT 


MONOLITHIC SILICON ~ 
EPITAXIAL PASSIVATED 


Operates With +15 V Supplies: 


Excellent Linearity — Maximum Error (X or Y): + 0.5% (MC 1594) 
+ 1.0% (MC1494) 

Wide Input Voltage Range — +10 volts (top view) 

Adjustable Scale Factor, K (0.1 nominal) 

Single-Ended Output Referenced to Ground’ 

Simplified Offset Adjust Circuitry 

Frequency Response (3 dB Small-Signal) — 1.0 MHz 


CERAMIC PACKAGE 
Power Supply Sensitivity — 30 mV/V typical _ 


CASE 620 


FOUR-QUADRANT , . TYPICAL LINEARITY ERROR 
versus TEMPERATURE 


Vo, OUTPUT VOLTAGE (VOLTS) 
Erx OR Ery, LINEARITY ERROR (%) 


44.0 +60 +80 +10 ; +75 +100 +425 
Vx, INPUT VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (9C) 


CONTENTS 
5, Specification | Specification — 
Subject Sequence . Page No. Subject Sequence _ Page No. 
' Maximum Ratings AC Operation 
Electrical Characteristics DC Applications 
Test Circuits “ AC Applications 
Characteristic Curves : Definitions 


Circuit Description . General Information index 


Circuit Schematic 
DC Operation - 
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MAXIMUM RATINGS (Tg =.+25°C unless otherwise noted) 


Power Supply Voitage 


- Differential Input Signal + {6 +14 Ry] <30 Vde 
+ 16 +14 RxI1< 30 


Common-Mode Input Voitage 
Vey = V9 = V6 
Vomx = V10 = V13 
Power Dissipation (Package Limitation) 
Ta = +25°C 
Derate above Tg = +25°C 


Operating Temperature Range Z 
MC 1594 -55 to +125 
MC 1494 Oto+ 70 


Storage Temperature R ange 


ELECTRICAL CHARACTERISTICS (v' > +15 Vv, V7 =-18 V. Ta = #28°C, R1 = 16k, Ry = BOK, Ry = 62K, RE AT kL, 
unless otherwise noted) 


Characteristic 


Linearity 
Output error in Percent of full scale 
“10 VEVx< +10 V (Vy = £10 V) 
~10 VE Vy<t10 V (Vy = £10 V) 
‘ Ta = +25°C 
Ta = Thigh © 
Ta=Tow @ 
input 
Voltage Range (Vx = Vy = Vin} 
Resistance (X or Y Input) 
Offset Voitage (X Input) (Note 1} 
{Y Input) (Note 1) 
Bias Current (X or Y Input) 
Offset Current (X or Y input) 
Output 
Voltage Swing Capability 
Impedance 
Offset Voitage (Note 1) 
Offset Current (Note 1) 
Temperature Stability (Drift) 
TA = Thigh to Tiow 
Output Offset (X =0, Y =0) Voltage 
Current 
X Input Offset (Y = 0) 
Y Input Offset (X = 0) 
Scale Factor 
Total de Accuracy Drift (X = 10, Y = 10) 
Dynamic Response i 
Smali Signal (3d8) xX 7 BW3 dB (xX) 
Y : BW3 gB(Y} 
i Power Bandwidth (47 k} Pew 
3° Relative Phase Shift fp 
1% Absolute Error 


Common Mode 
input Swing (X or Y} 


Gain (Xor ¥) 


Power Supply 
Current 


*» Quiescent Power Dissipation 


Sensitivity 


Regulated Offset Adjust Voltages 
Positive 


Negative 
/ . 
Temperature Coefficient (VB or Va) 


Power Supply Sensitivity (VR or VR) 


Note 1: Offsets can be adjusted to zero with external potentiometers. a 


Otpign = +125°C forme1s9a - @Tiaw =~95°%C tor mc1594 
. + 70°C for MC1494 : 0°C for MC 1494 
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TEST CIRCUITS 


FIGURE 1 — LINEARITY FIGURE 2 — INPUT RESISTANCE 


Adjust Ri for a null in Ey 
RX=30k Ry =62k 7 


MC1594L : — MC 1594. 
{MC 1494L) " MC 1556 : + (MC 14941) - 
(MC 1456) 


MC 1556 
(MC 1456) 


E 
Linearity; % Error = Fo(neak) 
ES(peak} 


, FIGURE 4 — INPUT BIAS CURRENT/INPUT OFFSET 
FIGURE 3 — OFFSET VOLTAGES, GAIN : CURRENT, OUTPUT RESISTANCE 


MC1594L ° MCI594L 
(MC1494L) ; Mc1556 (Mc1484L) 
(MC 1456) 


FIGURE 6 — COMMON-MODE 


MC1594L , ‘-MC1594L 
(MC 14944) : — (MC1494L) 


(20 Hz) 


MC1594L . } 
(Mc 14941) ; {MC IS94L 
(MC1494L) 


Vin = +40 V. 
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t 


TYPICAL CHARACTERISTICS 
(Untess otherwise noted, V* = +15 V, V"=-15 V,R1 = 16 KO, Rx = 30kQ, Ry-=62k, Ry =47kQ, Ta =+25°C) 


FIGURE 9 — FREQUENCY RESPONSE OF Y INPUT : FIGURE 10 — FREQUENCY RESPONSE OF 
versus LOAD RESISTANCE . -X INPUT versus LOAD RESISTANCE 
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RELATIVE GAIN (dB) 
RELATIVE GAIN (dB) 


f, FREQUENCY (Hz) ; : : f, FREQUENCY (Hz) 


: FIGURE 11.— LARGE SIGNAL VOLTAGE versus FREQUENCY FIGURE 12 — LINEARITY versus Rx OR Ry WITH K = 1/10 
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FIGURE 13 — LINEARITY versus Rx OR-Ry WITH K =1 


tL Adjusted for K = 1 
n= 2 Vpp 


fa! 
u, 
ie 


- K, SCALE FACTOR 


Erx OR Epy, LINEARITY ERROR (%) 
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GENERAL INFORMATION 


1. 
1.1 


CIRCUIT DESCRIPTION 


Introduction ; 
The MC1594 is a monolithic, four-quadrant muitiplier that 
operates on the principle of variable transconductance. It 
features a single-ended current output referenced to ground 
and provides two complementary regulated voltages for use 


FIGURE 15 


with the offset adjust circuits to virtually eliminate sensitivity 
of the offset voltage nulls to changes in supply voltage. 

As shown in Figure 15, the MC 1594 consists of a multiplier 
proper and associated peripheral circuitry to provide these 


features. : 


(Recommended External Circuitry is Depicted With Dotted Lines) 


CURRENT AND VOLTAGE FOUR-QUADRANT 
MULTIPLIER 


REGULATOR 


Ai pen---0 


SIMPLIFIED CIRCUIT 
SCHEMATIC 


COMPLETE CIRCUIT 
SCHEMATIC 


Ry 


Sees al a 
cht 
oy, 


| .leetre 


7 L 


REGULATOR MULTIPLIER 
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DIFFERENTIAL” 
CURRENT 
CONVERTER 


: DIFFERENTIAL 
CURRENT CONVERTER 
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Regulator (Figure 15) 


The regulator biases the entire MC1594 circuit making it 
essentially independent of suppty variation. It also provides 
two convenient regulated supply voltages which can be used 
in the offset adjust circuitry. The regulated output voltage 
at pin 2 is approximately +4.3 V while the regulated voltage 
at pin 4 is approximately -4.3 V. For optimum temperature 
stability of these regulated voltages, it is recommended that 
lat = [lg] = 1.0 mA {equivalent toad of 8.6 k). As will be 
shown tater, there will normally be two 20 k-ohm potenti- 
ometers and one 50 k-ohm potentiometer connected between 
pins 2 and 4. 

The regulator also establishes a constant current reference that 
controls afl of the constant current sources in the MC1594. 
Note that all current sources are related to current 14 which 
is determined by R1. For best temperature performance, 
R1 should be 16 kQ so that !4 ~ 0.5mA for all applications. 


Multiplier (Figure 15) 


The multiplier section of the MC1594 (center section of 
Figure 15) is nearty identical to the MC 1595 and is discussed 
in detail in Application Note AN-489, ‘‘Analysis and Basic 
Operation of the MC1595"".. The result of this analysis is 
that the differential output current of the multiplier is given 
by: 


Therefore, the output is proportional to the product of the 
two input voltages. : 
Differential Current Converter (Figure. 15) 


This portion of the circuitry converts the differential output 
current (1a-lg) of the multiplier to a single-ended output 
current (19): 


lo=la-ip 


2Vx Vy 
o RXRYH 


The output current can be easily converted to an output ¢ 
voltage by placing a load resistor Ry from the output (pin 
14) to ground (Figure 17) or by using an op-ampl. as a 
current-to-voltage converter (Figure 16). The result in both 
circuits is that the output valtage is given by: 
2R. Vx Vy 
= KV 
OF  RYRYyI4 x VY 
2Ri 


where K (scale factor) = AxRyly 


DC OPERATION 


Selection of External Components 


For tow frequency operation the circuit of Figure 16 is 
recommended. For this circuit, Rx = 30k2, Ry = 62 kQ, 
R1 = 16 kQ and hence 14 0.5 mA. Therefore, to set the 
scale factor, K, equal to 1/10, the value of R1_ can be cal- 
culated to be: 


RxRylq (30k) (62 k) (0.5 mA). 
L* (2) (10) ~ 20 


. Ry = 46.5k 


Thus, a reasonable accuracy in'scale factor can be achieved 
by making Ry_a fixed 47 kQ resistor. However, if it is desired 


FIGURE 16 — TYPICAL MULTIPLIER CONNECTION 
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. but-extremely accurate current-to-voltage converter. 


that the scale factor be exact, Ry. can be comprised of a 
fixed resistor anda potentiometer as shown in Figure 16. 
It should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voltages are expected 
to be large, say +10 V. Obviously with Vx = Vy = 10 Vand 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scale factor is set to 1/10 and provides 
an output scaled down by a factor of ten. For many applica- 
oo it may be desirable to set K = 1/2 or K = 1 or even 

= 100. This can be accomplished by adjusting Rx, Ry 
ae Ri appropriately. 


The selection-of Ry is arbitrary and can be chosen after 
resistors Ry and Ry are found. Note in Figure 16 that Ry 
is 62 kQ while Rx is 30 kQ. The reason for this is that the 
"Y" side of the multiplier exhibits a second order non- 
linearity whereas the ’X"’ side exhibits a simple non-linearity. 
By making the Ry resistor approximately twice the value 
of the Rx resistor, the linearity on both the ‘’X’’ and “Y" 
sides are made equal. The selection of the Rx and Ry 
resistor values is dependent upon the expected amplitude of 
Vx and Vy inputs. To maintain a specified linearity, 
resistors Rx and Ry should be selected according to the 
following equations: 


Rx 2 3 Vx (max) in kKQ when Vx is in volts 
Ry = 6 Vy (max) in kQ when Vy is in volts 


For example, if the maximum input on the “X” side is 
+1 volt, resistor Ry can be selected to be 3k. If the max- 
imum input on the "Y"’ side is also +1 volt, then resistor 
Ry can be selected to be 6 kQ (6.2 kQ nominal value). Ifa 
scale factor of K = 10 is desired, the load resistor is found to 
be 47 kQ. In this example, the multiplier provides a gain 
of 20 dB. 


Operational Amplifier Selection 


The operational amplifier connection in Figure 16 is a simple 
The 
output current of the multiplier flows through the feedback 
resistor Ri to provide'a low impedance output voltage from 
the op-ampl. Since the offset current and bias currents of 
the op-amp!. will cause errors in the output voltage, particu- 


_' larly with temperature, one with very low bias and offset cur- 
- rents is recommended. The MC1556/MC 1456 or MC1741/ 
_ MC1741C are excellent choices for this application. 


Since the MC.1594 is capable of operation at much higher 
frequencies than the op-ampl., the frequency characteristics 
of the circuit in Figure 16 will be primarily dependent upon 
the op-ampl. 


Stability 


The current-to-voltage converter mode is a most demanding 
application for an operational amplifier. Loop gain is at its 
maximum and the feedback resistor in conjunction with 
stray or input capacitance at the multiplier output adds addi- 
tional phase shift. It may therefore be necessary to add 
(particularly in the case of internally compensated op-ampls.) 
@ small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF in parallel with Ri, should be 
adequate to insure stability over production and tomperature 
variations, etc. 

An externaliy compensated op-ampi. might be employed 
using slightly heavier compensation than that recommended 
for unity-gain operation. 


Offset Adjustment 


The non-iaverting input of the op-ampl. provides a convenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper arm of a potentiometer (P3), the output 


2.5 


2.6 


2.7 
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offset voitage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 

The input offset adjustment potentiometers, P1 and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the multiplier’s excelient linearity char- 
acteristics. Depending upon the particular application, some 
of the potentiometers can be Grote (see Figures 17, 19, 
22, 24 and 25). 


Offset and Scale Factor Adjustment Procedure 
The adjustment procedure for the circuit of Figure 16 is: 
A. X input Offset 
(a) connect oscillator (1 kHz, 5 Vpp snewavel ts to the “Y” 
input {pin 9) 
(b) connect ’’X" input (pin 10) to ground 
(c) adjust X-offset potentiometer, P2 for an ac null at 
the output 
B. Y Input Offset oO 
(a) connect oscillator (1 kHz, 5 Vpp sinewave) to the “"X” 
input (pin 10) 
(b) connect ““Y” input (pin 9) to ground 
{c) adjust Y-offset potentiometer, P1 for an ac null at 
the output 
C. Output Offset 
(a) connect both “X" and “Y” inputs to ground 
(b) adjust output offset potentiometer, P3, until the out- 
put voltage Vg, is zero volts dc 
D. Scale Factor 
(a) apply +10 Vdc to both the “X"’ and “Y"’ inputs 
(b) adjust P4 to achieve -10.00 V at the output 
(c) apply -10 Vdc to both Pia ye Jnpurs and check 
for Vo = -10.00 V 


E. Repeat steps A through D as necessary. 


The ability to accurately adjust the MC1594 is dependent 
on the offset adjust potentiometers. Potentiometers should 
be of the “infinite” resolution type rather than wirewound. 
Fine adjustments in balanced-modulator applications may 
require two potentiometers to provide ‘‘coarse’’ and ‘fine’ 
adjustment. Potentiometers should have low temperature 
coefficients and be free from backlash. 


Temperature Stability 


While the MC1594 provides excelient performance in itself; 
overall performance depends to a large degree on the quality 
of the external components. Previous discussion shows the 
direct dependence on Rx, Ry, and Ry_ and indirect depend- 
ence on R1 (through 14): Any circuit subjected to tempera- 
ture variations should be evaluated with these effects in mind. 


Bias Currents 


The MC1594 multiplier, ike most linear 1C‘s, requires a dc 
bias current into its input terminals. The device cannot be 
Capacitively coupled at the input without regard for this bias 
current. If inputs Vx and Vy are able to supply the small bias 
current (= 0.5 pA) resistors, R (Figure 16) can be omitted. 
If the MC1594 is used in an ac mode of operation and 
capacitive coupling is uséd the value of resistor R can be any 
reasonable value up to 100-k9. For minimum noise and 
optimum temperature performance, the value of resistor.R 
shouid:be as low as practical. 


Parasitic Oscitlation 


When Jong leads are used on the inputs, oscillation may occur. 
in this event, an RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using short leads. The purpose of the network 
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is to reduce the “OQ” of the source-tuned circuits which cause 
the oscillation. 


inability to adjust the circuit to within the specified accuracy 
may be an indication of oscillation. 


AC OPERATION 


General 


For ac operation, such as balanced modulation, frequency 
doubler, AGC, etc., the op-ampt. will usually be omitted as 
well as the output offset adjust potentiometer. The output 
offset adjust potentiometer is omitted since the output will 
normally be ac-coupled and the dec voltage at the output is 
of no concern providing it is close enough to zero voits that 
it will not cause clipping in the output waveform. Figure 17 


FIGURE 17 — WIDEBAND MULTIPLIER 
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shows a typical ac multiplier circuit with a scale factor K~ 1. 


Again, resistor Rx and Ry are chosen as outlined in the © 


previous section, with Re chosen to provide the required 
scale factor. 

The offset voltage then existing at the output will be equal to 
the offset current times the joad resistance. The output off- 
set current of the MC1594 is typically 17 uA and 35 vA 
maximum. Thus, the maximum output offset would be 
about 160 mV. 


Bandwidth - . 


The bandwidth of the MC1594 is primarily determined by 
two factors. First, the dominant pole will be determined by 
the load resistor and the stray capacitance at the output 
terminal. For the circuit shown in Figure 17, assuming a. 
total output capacitance (Co) of 10 pF, the 3 dB bandwidth 
would be approximately 3.4 MHz. If the.load resistor were 
47 kQ, the bandwidth would be approximately 340 kHz. 


Secondly, a “zero” is present in the frequency response 
characteristic for both the ’X” and “Y” inputs which causes 
the. output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond the breakpoint of the “zero”. The 
"zero" is caused by the parasitic and substrate capacitance 
which is related to resistors Rx and Ry and the transistors 
associated with them. The effect of these transmission 
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“zeros” is seen in Figures 9 and 10. The reason for this 
increase in gain is due to the bypassing of Rx and Ry at 
high frequencies. Since the Ry resistor is approximately 
twice the value of the Rx resistor, the zero associated with 


_the “Y" input will occur at approximately one octave below 


the zero associated with the “X"’ input. For Rx = 30 kQ and 
Ry = 62k, the zeros occur at 1.5 MHz for the “X” input 
and 700 kHz for the ““Y’’ input. These two measured break- 
points correspond to a shunt capacitance of about 3.5 pF. 
Thus, for the circuit of Figure 17, the ‘X”’ input zero and 
“Y" input zero will be at approntinaely 15 MHz and 
7 MHz respectively. 


It should be noted that the MC1594 multiplies in the time 
domain, hence, its frequency response is found by means 
of complex convolution in the frequency (Laplace) domain. 
This means thatif the ‘’X’ input does not involve afrequency, 
it is not necessary to consider the “X"’ side frequency 
response in the output product. Likewise, for the ‘‘Y”’ side. 
Thus, for applications such as a wideband linear AGC ampli- 
fier which has.a dc voltage as one input, the multiplier fre- 
quency response has one zero and one pole. For applications 
which involve an ac voltage on both the X" and ‘‘Y”’ side, 
‘such as a balanced modulator, the product voltage response 
will have two zeros and one pole, hence, peaking may be 
present in the output. 

From this brief discussion, it is evident that for ac applica- 
tions; (1) the value of resistors Rx, Ry and RL should be 
kept as small as possible to achieve maximum frequency 
response, and (2) it is possible to select a load resistor Ri 
such that the dominant pole (Ri, Cg) cancels the input zero 
(Rx, 3.5 pF or Ry, 3.5 pF) togive a flat amplitude character- 
istic with frequency. This is shown in Figures 9 and 10. 
Examination of the frequency characteristics of the ‘’X” 
and “Y”’ inputs will demonstrate that for wideband amplifier . 
applications, the best tradeoff with frequency response and 
gain is achieved by using the ““Y” input for the ac signal. 

For ac applications requiring bandwidths greater than those 
specified for the MC1594, two other devices are recom- 
mended. For modulator-demodulator applications, the 
MC1596 may be used up to 100 MHz. For wideband multi- 
plier applications, the MC1595 (using smal! collector loads 
and ac.coupling) can be used. 


Slew-Rate 


The MC1594 multiplier is not slew-rate limited in thé ordi- 
nary sense that an op-ampl. is. Since.all the ‘signals in the 
multiplier are currents and not voltages, there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. However, it should 
be noted that the quiescent current in the output transistors 
is 0.5. mA and thus the maximum rate of change of the out- 
put voltage is limited by the OEE, load capacitance by 
the simple equation: 


slevcRute 2 
ew-Rate AT 


Thus, if Cg is 10 pF, the maximum slew-rate would be: 


This can be improved if necessary by addition of an emitter- . 
follower or other type of buffer. 


Phase-Vector Error 


All multipliers are subject.to an error which is known as the 
phase-vector error. This error is a phase error only and does 
not contribute an amplitude error per se. The phase-vector 
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error is best explained by an example. If the ‘’X’’ input is 
described in vector notation as 


X=A XxX 0° 


and the “Y”’ input is described as 


¥=8 4 0° 


then the output product would be expected to be 
Vo = AB X 0° (see Figure 18) 


However, due to a relative phase shift between the “X" and 
“Y"' channels, the output product will be given by 


Vo= AB X 


Notice that the magnitude is correct but the phase angle of 
the product is in error. The vector, V, associated with this 
error is the “‘phase-vector error’. The startling fact about 
the phase-vector error is that it occurs and accumulates much 


more rapidly than the amplitude error associated with fre- . 


quency response. In fact, a relative phase shift of only 0.579 
will result in a 1% phase-vector error. For most applications, 
this error is meaningless. If phase of the output product is 
not important, then neither is the phase-vector error. If 
phase is important, such as in the case of double sideband 
modulation or demodulation, then a 1% phase-vector error 
will represent a-1% amplitude error at the phase angle 
of interest. , 


FIGURE 18 — PHASE-VECTOR ERROR 
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Circuit Layout 


1f wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across Rx and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 


DC APPLICATIONS 
Squaring Circuit 


If the two inputs are connected together, the resultant 
function is squaring: . 


Vo =KV2 


where K ig the scale factor (see Figure 19). 


* However, a more careful look at the multiplier’s defining 


equation will provide some useful information. The output 
voltage, without initial offset adjustments is given by: 


Vo = K(Vx + Viox -Vx off) (Vy + Vioy - Vy off) t Voo 
(See ‘‘Definitions’’ for an explanation of terms). 
With Vx = Vy = V (squaring) and defining 
€x = Viox ~Mx off 
ey = Vioy ~ Vy off 
The output voltage equation becomes 
Vo =K V2 + KVx (ex + ey) + Kexey + Voo 


This shows that all error terms can be eliminated with only 
three adjustment potentiometers, eliminating one of the in- 
put offset adjustments. For instance, if the ““X input offset | 
adjustment is eliminated, €, is determined by the internal 
offset, Viox, but ey. is adjustable to the extent that the. 
{ex + ey) term can be zeroed. Then the output offset adjust- 


~ mentis used to adjust the Vog term and thus zero the remain- 


ing error terms. An ac procedure for nulling with three 
adjustments is: oA, & 
A. AC Procedure: . 
1. Connect oscillator (1 kHz, 15 Vpp) to inpu 
2. Monitor output at 2 kHz with tuned voltmeter and 
- adjust P4 for desired gain (Be sure to peak response 
of voltmeter) 
. Tune voltmeter to 1 kHz and adjust P1 for aminimum 
Output voltage 
. Ground input and adjust P3 (output offset) for zero 
volts de out 


Repeat steps 1 through 4 as necessary. 


FIGURE 19 — MC1594 SQUARING CIRCUIT 
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B. oc Procedure: 


1. Set Vx = Vy = 0 V and adjust P3 (output offset 
potentiometer) such that Vg = 0.0 Vdc 

2. Set Vx = Vy = 1.0 V and adjust P1 (Y input offset 
potentiometer) such that the output voltage is 
-0.100 volts 


3. Set Vx = Vy = 10 Vdc and adjust P4 (load resistor) 


such that the output voitage is -10.00 volts 


4. Set Vx = Vy = -10 Vdc and check that Vo = -10V 
Repeat steps 1 through 4 as necessary. 
Divide 
Divide circuits warrant a special discussion as a result of their © 
special problems. Classic feedback theory teaches that if a 
multiplier is used as a feedback element in an operational 
amplifier circuit, the divide function results. Figure 20 illus- 


trates the theoretical simplicity of such an approach and a 
practical realization is shown in Figure 21. 


The characteristic ‘‘failure’’ mode of the divide circuit is 
latch-up. One way it can occur is if Vx is allowed to go 
negative or, in some cases, if Vx approaches zero. 

Figure 20 illustrates why this is so. For Vx >0 the transfer 
function through the multiplier is non-inverting. Its output 
is fed to the inverting input of the op-ampl. Thus, operation 
is in the negative feedback mode and the circuit is dc stable. 
Should Vx change polarity, the transfer function through 
the multiplier becomes inverting, the amplifier has positive 
feedback and latch-up results. The problem resulting from 


FIGURE 20 — BASIC DIVIDE CIRCUIT USING MULTIPLIER 
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“Vx being near zero is a result of the transfer through the 
multiplier being near zero. The op-ampl. is then operating 
with a very high closed toop gain and error voltages can thus 
oecome effective in causing latch-up. 

The other mode of jatch-up results from the output voltage 
of the op-ampl. exceeding the rated common-mode input 
voitage of the multiplier. The input stage of the multiplier 
becomes saturated, phase reversal results, and the circuit is 
latched up. The circuit of Figure 21 protects against this 
happening by. clamping the output swing of the op-ampl. to 
approximately + 10.7 volts. Five-percent tolerance, 10-volt - 
zeners are used to assure adequate output swing but still 
limit the output voltage of the op-ampl. from exceeding the 
common-mode input range of the MC 1594. 

Setting up the divide circuit for reasonably accurate opera- 
tion is somewhat different from the procedure for the 
multiplier itself. One approach, however, is to break the 
feedback loop, null out the multiplier circuit, and then close 
the loop. ‘ 

A simpler approach, since it does not.involve breaking the 
loop (thus making it more practical on a production basis), is: 


1.. Set Vz = 0 volts and adjust the output offset potentio- 
meter (P3) until the output voltage (Vg) remains at 
some (not necessarily zero) constant value as Vx is varied 
between +1.0 volt and +10 volts. 

. Maintain Vz at 0 volts, set Vy at +10 volts and ad- 
just the Y input offset potentiometer (P1) until Vg =0 
volts, 

. With Vx = Vz, adjust the X input offset potentiometer 
(P2) until the output voltage remains at some (not nec- 
essarily - 10 volts) constant value as Vz = Vx is varied 
between +1.0 volt and +10 volts. 

. Maintain Vx = Vz and adjust the scale factor potentio- 
meter (R,_) until the average value of Vo is - 10 volts as 
Vz = Vx is varied between +1.0 volt and +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti- 
mum performance. 


Users of the divide circuit should be aware that the accuracy 
to be expected decreases in direct proportion to the denomi- 


FIGURE 21 — PRACTICAL DIVIDE CIRCUIT 
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FIGURE 22 — BASIC SQUARE ROOT CIRCUIT 


MC1594L 
(MC 1494L) 


nator voltage. As a result, if Vx is set to.10 volts and 0.5% 
accuracy is available, then 5% accuracy can be expected 
when Vx is only 1 volt. 

{In accordance with an earlier statement, Vx may have only 
one polarity, positive, while Vz may be either polarity. 


\ 


Square Root 


A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function as indicated in Figure 22. This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit. Note that only one polarity of input is allowed 
and diode clamping (see Figure 23) protects against accidental 
. latch-up. 


This circuit too, may be adjusted in the closed-loop mode: 


. Set Vz = -0.01 Vde and adjust P3 (output offset) for 
Vo = 0.316 Vde. ‘ 


. Set V2 to -0.9 Vdc and adjust P2 (’X"’ adjust) for Vo = 
+3 Vde. ° 


. Set Vz to -10 Vdc and adjust P4 (gain adjust) for Vg = 
+10 Vdc. 


Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. . 


Note: Operation near zero volts input. may prove very in- 
accurate, hence, it may not be possible to adjust Vo 
to 0 but rather only to within 100 to 400 mV of zero. © 


AC APPLICATIONS 


Wideband Amplifier With Linear AGC 


If one input to the MC1594 is a dc voltage and a signa! 
voltage is applied to the other input, the amplitude of the 
output signal can be controlled in a linear fashion by varying 
the dc voltage. Hence, the multiplier can function as a dc 
coupled, wideband amplifier with linear AGC control. 


In addition to the advantage of Linear AGC control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGC dynamic range is 
theoretically infinite. This stems from the basic fact that 
with zero volts dc applied to the AGC, the output will be 
zero regardless of the input. In practice, the dynamic range 
is limited by the ability to adjust the input offset adjust 
potentiometers. By using cermet multi-turn potentiometers, 
a dynamic range of 80 dB can be obtained. The second | 
advantage of the multiplier is that variation cf the AGC volt- 
age has no effect on the signal handling capability of the 
signal port, nor does it alter the input impedance of the 


- signal port. This feature is particularly important in AGC 


systems which are phase sensitive. A third advantage of the 
multiplier is that the output-voltage-swing capability and 
Output impedance are unchanged with variations in AGC | 
voltage. : 


_The circuit of Figure 24 demonstrates the linear AGC ampli- 


fier. The amplifier can handle 1 V(rms) and exhibits a gain 
of approximately 20 dB. (It is AGC’d through a 60.dB 
dynamic range with the application of an AGC voltage from 
0 Vdc to 1 Vde. The bandwidth of the amplifier is deter- 
mined by the !oad resistor and output stray capacitance. For 
this reason, an emitter-follower buffer has been added to 
extend the bandwidth in excess of 1 MHz. 


Balanced Modutator 
When two-time variant signals are used as inputs, the result- 


FIGURE 23 — SQUARE ROOT CIRCUIT 
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ing output is suppressed-carrier double-sideband: ‘modulation. 
In terms of sinusoidal inputs, this can be seen in the following 
equation: 


Vo =K(e4 Coswmt) (e2 coswet) 


" where wy is the modulation frequency and We is the carrier 
frequency. This equation can be expanded to show the 
suppressed carrier.or balanced modulation: 

Keyeg 
Vo= 5 [cos(we + wm) t +c0s (we - wm)t] 
Unlike many modulation schemes, which are non-linear in 
nature, the modulation which takes place when using the 
MC 1594 is linear. This means that for two sinusoidal inputs, 
the output will contain only two frequencies, the sum and 

’ difference, as seen in- the above equation. There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple of the carrier. For this-reason, the filter 

. requirements of a modulation system are reduced to the 
minimum. Figure 25 shows the MC1594 configuration to 
perform this function. 


F FIGURE 24 — WIDEBAND AMPLIFIER 
i WITH LINEAR AGC. 
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Notice that the resistor values for Rx, Ry, and Ry have 


been modified. This has been done primarily to increase the 
bandwidth by lowering the output impedance of the MC 1594 
and then lowering Rx and Ry to achieve a gain of 1. The 
@¢ can be as targe as 1 volt peak and ep, as high as 2 volts 
peak. _ No output offset adjust is employed since we-are 
interested only in the ac output components. 


The input R’s are used to supply bias current to the mai: 
plier inputs as well as provide matching input impedance. 
The output frequency range of this configuration is deter- 
mined by the 4.7 k ohm output impedance and capacitive 
loading. Asuming2 a 6 pF load, the sipal-sianel bandwidth 
is 5.5 MHz. 


The circuit of Figure 25 will provide.a typical.carrier rejection 
of >70 dB from 10 kHz to 1.5 MHz. 


ee <1 Vok 
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The adjustment procedure for this circuit is quité simple. ; 


(1) Place the carrier signal at pin 10. With no signal . 


applied to pin 9, adjust potentiometer P1 such that an ac 
null is obtained at the output. 


(2) Place a modulation signal at pin 9. With no seit 
applied to pin 10, adjust potentiometer’ P2 such that an ac 
null is obtained at the output. 


Again, the ability to make careful adjustment of these offsets 
will be a function of the type of potentiometers used for 
P1 and P2. Multiple turn cermet type potentiometer are 
recommended. 


Frequency Doubler 
If for Figure 25 both inputs are identical; 
@m = eg = Ecoswt , 


Then the output is given by 


ut 


Co = Omer = E2cos 


which reduces to 
E2 
eo = > (1 + cos2ut) 


This equation states that the output will consist of a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency. Thus, the circuit acts as a 
frequency doubler. Two facts about this circuit are worthy 
of note. First, the second harmonic of the input frequency 
is the only frequency appearing at the output. The funda- 
mental does not appear. Second, if the input is sinusoidal, 
the output will be sinusoidal and requires no filtering. 


The circuit of Figure 25 can be used as a frequency doubier 


with input frequencies in excess of 2 MHz. 


‘Amplitude Modulator 


The circuit of Figure 25 is also easily used as an amplitude 
modulator. This is accomplished by simply varying the input 
offset adjust potentiometer (P1) associated with the modu- 


€p = emec 


‘ 
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lation input. This procedure places a dc offset on the modu- 
lation input of the muitiplier such-that the carrier stilt passes 
thru the multiplier when the modulating signal is zero. 
The result is amplitude modulation. This is easily seen by 
examining the basic mathematical expression for amplitude 
modulation given below. For the case under discussion, 
with K = 1, 


9 = (E + Ep cost) (Eg coswet) 


where E is the dc input offset adjust voltage. This expression 
can be written as: , 


€2p = Eg [1 + Mcoswet] coswet 


where Eg =EE¢ 


Em 2 
M = 7 modulation index 


This is the standard equation for amplitude modulation. 
From this, it is easy to see that 100% modulation can‘be 
achieved by adjusting the input offset adjust voltage to be 
exactly equal to the peak value of the modulation, E,,.. This 
is done by observing the output waveform and adjusting the 
input offset potentiometer, P1, until the output exhibits the 
familiar amplitude modulation waveform: 


Phase Detector ; 
If the circuit of Figure 25 has as its inputs two signals of 
identical. frequency but having a relative phase shift the out- 
put wil! be a de signal which is directly proportional to the 
cosine of phase difference as well as the double frequency 
term. P 


" @g = Ec coswet 
em = Em cos(wet +) 
* @g = €c@m = EcEm coswet cos(wet + ¢) 


EcEm 


or to" 5 


[cosd + cos(2wet + ¢] 


The addition of a simple. low pass filter to the output (which 
eliminates the second cosine term) and return of Ry to an 
offset adjustment potentiometer will result in a.dc output 
voltage which is proportional to the cosine of the phase dif- 
ference. Hence, the circuit functions as a synchronous 
detector. ; ; 


DEFINITIONS OF SPECIFICATIONS 


Because of the unique nature of a multiplier, i.e., two inputs 
and one output, operating specifications are difficult to 
define and interpret. Indeed the same specification may be 
defined in several completely different ways depending upon 
which manufacturer is doing the defining. In order to clear 
_ up some of this mystery, the following definitions and 
examples are presented. 

Multiplier Transfer Function - 


The output of the multiplier may be expressed by this 
. equation: 


Vo = K(Vx + Viox -Vx off) (Vy £ Vioy -Vy off) + Voo (1) 
where K = scale factor (see 6.5) ~ 


Vy = "x" input voltage 
= "vy" input voltage 
"x" input offset voltage 
“y" input offset voltage 
x" input offset adjust voltage . 


‘ 
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X Offset 


Vy off = “y” input offset adjust voltage 
Voo = output offset voltage 


The voltage transfer characteristic below indicates ‘’X"’, “Y"" 
and output offset voltages. , 


FIGURE 26 


Output 
Offset 


Y Offset 


(Vy =+10V) (Vy = £10 V) 


Linearity 


Linearity is defined to be the maximum deviation of output 
voitage from a straight line transfer function. It is expressed 
as a percentage of full-scale output and is measured for Vx 
andVy separately either using an “X-Y” plotter (and checking 
the deviation from a straight line) or by using the method 
shown in Figure 1. The latter method nulls the output signal 
with the input signal, resulting in distortion components 
proportional to the linearity. . 


Example: 0.35% linearity means 


10 + (0.0035) (10 volts) 


Input Offset Voltage 


The input offset voitage is defined from Equation (1). It is’ 
measured for Vx and Vy separately and is defined to be that 
“de input offset adjust voltage (*'x"’ or “’y”) that will result in 
minimum ac output when ac (5 Vpp, 1 kHz) is applied to the 
ny" "x respectively). From Equation (1) 


Vo= 


other input ("y’’ or "x 
we have: 


Volac) = K (0+ Viox -Vx off) (sinwt) 
adjust Vx off so that (+ Vigx -Vx off) = 0. 


Output Offset Current and Voltage 


Output offset current, (lo) is the de current flowing in the 
output lead when Vx = Vy = O and “X’’ and “Y”’ offset volt- 
ages are adjusted to zero. ' 


Output offset voltage (VQ) is: 
Voo= !oo RL 

where R,,_ is the load resistance. 

Note: Output offset voltage is defined by many: manufac- 
turers with all inputs at zero but without adjusting 
“X" and “YY” offset voitages to zero.’ Thus it includes 
input offset terms, an output offset term and a scale 
factor term. 

Scale Factor 


Scale factor is the K term in Equation (1). It determines the 
“gain” of the multiplier and is expressed approximately by 
the following equation. 
_ 2Rt kT 
RxRyl4 aly 


where Ry and Ry >>. 


“and 14 is the current out of pin 1. 
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Total DC Accuracy : 

The total dc accuracy of a multiplier is defined as error in 
multiplier output with dc (+10 Vdc) applied to both inputs. 
It is expressed as a percent of full scale. Accuracy is not 
specified for the MC 1594 because error terms can be nulled 
by the user. 


Température Stability (Drift) 

Each term defined above will have a finite drift with tempera- 
ture. The temperature specifications are obtained by re- 
adjusting the multiplier offsets and scale factor at each new 
temperature (see previous definitions and the adjustment 
procedure) and noting the change. i 


Assume inputs are grounded and initial offset voltages have 
been adjusted to zero. Then output voltage drift is given by: 
4Vo = £LKLK (TCK) (4T) JL (TCVj9x) (4T) If (TCVioy) 
(4T) ] £(TCV 99) (AT) 


Total DC Accuracy Drift 


This is the temperature drift in output voltage with 10 volts 
applied to each input. The output is adjusted to 10 volts at 
Ta = +25°C. Assuming initial offset voltages have been 
adjusted to zero at Ta = +25°C, then: 


Vo = [KEK (TCK) (4T) 1 (10 # (TCViox) (OT) 1 {10 4 
(TCVioy) (OT) J + (TCV go) (97) 


Power Supply Rejection 


_ Variation in power supply voltages will cause undesired 

variation of the output voltage. it is measured by. super- 
imposing a 1-volt, 100-Hz signal on. each supply (£15 V) 
with each input grounded. The resulting change in the out- 
put is expressed in mV/V. 


Output Voltage Swing 


Output voltage swing capability is the maximum output 
voltage swing {without clipping) into a resistive load (note- 
output offset is adjusted to zero). 


If an op-ampI. is used, the multiplier output becomes avirtual _ 


ground — the swing is then determined by the scale factor 
and the op-amp!. selected. 
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GENERAL INFORMATION INDEX 


CIRCUIT DESCRIPTION 


Introduction 

‘Regulator 

Multiptier 

Differential Current Converter 


DC OPERATION ; 

Selection of External Components 
Operational Amplifier Selection 

Stability - 

Offset Adjustment 

Offset and Scale Factor Adjustment Procedure 
Temperature Stability 

Bias Currents 

Parasitic Oscillation 


AC OPERATION 
General 

Bandwidth 
Slew-Rate 
Phase-Vector Error 
Circuit Layout 


DC APPLICATIONS 

Squaring Circuit 

Divide 

Square Root 

AC APPLICATIONS © 

Wideband Amplifier with Linear AGC 
Balanced Modulator 

Frequency Modulator 

Amplitude Modulator 

Phase Detector 


DEFINITIONS OF SPECIFICATIONS 
Multiplier Transfer Function 
Linearity 

Input Offset Voltage 

Output Offset Current and Voltage 
Scale Factor 

Total DC Accuracy 

Temperature Stability (Drift). 
Total DC Accuracy Drift 

Power Supply Rejection 

Output Voitage Swing 


ORDERING INFORMATION 


; Device Temperature Range Package 
MC1495L O°C to +70°C Ceramic DIP 
MC1595L —55°C to +125°C Ceramic DIP. ° 


MC1495L_ 
MC1595L 


WIDEBAND MONOLITHIC \ 
FOUR-QUADRANT MULTIPLIER : 

. . . designed for uses where the output is a linear product of two 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include: multi- 


ply, divide*, square root*, mean square”, phase detector, frequency’ 


doubler, balanced modulator/demodulator, electronic gaim control. 
*When used with an operational amplifier. 


@ Wide Bandwidth 


@ Excellent Linearity — 1% max Error on X-Input, 2% max Error on 
Y-Inout — MC1595L 


@ Excellent Linearity — 2% max Error on X-Input, 4% max Error on 
Y-Input — MC1495L 


e@ Adjustable Scale Factor, K 

@ Excellent Temperature Stability 

° Wide Input Voltage Range — +. 10 Volts 
@ + 15 Volt Operation . 


FIGURE 1 — FOUR-QUADRANT 


_ LINEAR FOUR-QUADRANT - 


MULTIPLIER INTEGRATED 
CIRCUIT 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


(top view) 


CERAMIC PACKAGE 
CASE 632 
TO-116 


MULTIPLIER TRANSFER CHARACTERISTIC : FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH 


Vg, OUTPUT VOLTAGE (VOLTS) 
Ay. GAIN (dB) 


Yinput 
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~ Xinput - 
12 
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| ELECTRICAL CHARACTERISTICS (vt = - +32V, Wr =-15 v, re +25°C, 13 = ae =1mA,Rx = Ry = = 15 KQ, 
Ry = 11 kQunless otherwise noted) 


Se ane —— RE Co 


Linearity: 


Output Errors in Percent of Full Scale: 
Ta = +25°C we 
SACS VK TO Wy = = £10 Vv) MC1495 
MC1595 
-10< Vy < #10 (Vy =#10 Vv) ; MC1495 
e MC 1595 
Ta = 0 to +70°C MC1495 


-10<Vyx< +10 (Vy =+£10 V) 

-10< Vy< +10 (Vx = +10 V) 
Ta = -55°C to +125°C MC1595 

-10<Vx< +10 (Vy =+10 V) ; 
-10< Vy< +10 (Vy =+10 V) 
Squaring Mode Error: 


Accuracy in Percent of Full Scale After 
Offset and Scale Factor Adjustment 


Tp = +25°C ~  MC1495 
: MC1595 
Ta = Oto +70°C MC1495 
Tp =-55°C to +1259C MC1595 
Scale Factor (Adjustable) 
' 2R 
ieee be 
13 Rx Ry 
Input Resistance MC1495 
(f = 20 Hz) . MC1595° 


MC1495 
MC1595 


Input Bias Current 


i, = tot ta) ieee os MC1495 
Ben 2 ne MC1595 
| Mc1495 


MC1595 . 


Input Offset Current 


ltg — t421 MC1495 
-MC1595 
(lg — Igl MC1495 


MC1595 


Average Temperature Coefficient of 
Input Offset Current 


{Ta = 0 to +70°C) | MC1495 
(Ta = -55°C to +125°C) MC1595 
Output Offset Current ; 
IN44- tal MC 1495 
~  MC1595 


Average Temperature Coéfficient of 
Output Offset Current 


(Ta = 0 to +70°C) = MC1495 
(Ta = -55°C to +125°C) MC 1595 
Frequency Response 
- 3.0 dB Bandwidth, Ry = 11 kQ 
3.0 dB Bandwidth, R, = 50 92 (Transconductance Bandwidth) 
3° Relative Phase Shift Between Vx and Vy 
1% Absolute Error Due to Input-Output Phase Shift 


Common Mode Input Swing 
(Either Input) MC1495 
MC1595 


Common Mode Gain : 
(Either Input) MC1495 
MC1595 


Common Mode Quiescent 12 
Oxia hihi : 


Bee 
pes 


Power Supply mepatialty st 
|. 7 


Power Supply Garpant 
- | DC Power Dissiporon 


MC1495L , MC1595L 


= +25°C unless otherwise noted) 


MAXIMUM RATINGS (T, 


Applied Voltage ; : 
(Vo—-V4, V14—V 1. V1—-Va, V1-V 1.2. V1-V4. 
Vi—Vg, V12—V7. V9g—V7. Va—V7. V4—-V7) 


Differential Input Signal +(6+143 Ry) 
; +(6+13 Ry) 


Maximum Bias Current 

Power Dissipation (Package Limitation) ; 
Ceramic Package 

Derate above Ta = +25°C 


Operating Temperature Range 


MC1495 
MC1595 


Storage Temperature Range 


TEST CIRCUITS 


FIGURE 4 — LINEARITY (USING NULL TECHNIQUE) 


MC15S5L 
{MC 14951) 


OFFSET 
ADJUST 
SEE FIGURE 13 


Adjust “Scale Factor Adjust” for a null in Ve. 
This schematic for illustrative purposes only — 
hot specified for test conditions. 


Ry=18k = RX=15k 


V3 
Aypeilk F 
MC1595L. : 
(MC1495L) ; 
Y . 
OFFSET ADJUST. : Rur=itk Yo eres marten 
' (SEE FIGURES 13 & 14) ; 14 
x O : 


R13 = 13.7k 
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PLOTTER 
X-INPUT 
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TEST CIRCUITS (continued) 


FIGURE 6 — INPUT AND OUTPUT CURRENT 


Ry = 15k RX = 15k +32 V 


MC1595L 
(MC1495L) 


FIGURE 8 — OUTPUT RESISTANCE 


RY =15k Rx = 15k +32V 


MC 1595. 
(MC1495L) 


: » 0.1 wF 
1.0 V (rms) 4 l 
13.7 k 20Hz = 
e} 
Ro=R -2| 
=  --18V : tle 
FIGURE 10 — BANDWIDTH (R, = 50 2) 
VT=+15V 


Ry=510 Rx =510 - 


MC1595L 
(MC 1495L) 


SCALE 
FACTOR 
~ AQJUST. 


a 


= /. 
= ae 
a CLs 3.0 pF 


e7 = 1.0 V (rms) 


CMVx 


_ FIGURE 7 — INPUT RESISTANCE aay 


Ry=15k Rx =16k 
20 Hz 


. MC1595L 
(MC 1495L) 


FIGURE 9 — BANDWIDTH (Ry = 11 kS2)_ 


Ry=15k RX= 15k +32: V~ 


Gin = 1.0 V (rms) 


MC 1595L 
(MC1495L) 


SCALE 
FACTOR 
ADJUST. 


FIGURE 11 — COMMON-MODE GAIN and 
COMMON-MODE INPUT SWING 


(f = 20 Hz) 


MC1S595L 
(MC1495L) 


Vo 
Ac =: 20 log CiVy 


Vo 
- OF 20109 Shiv 
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TEST CIRCUITS (continued) 


FIGURE 12 — POWER SUPPLY SENSITIVITY 0 FIGURE 13 — OFFSET ADJUST CIRCUIT 
yt 


+32 V ko ey 


MC1595L 


(MC14851) 
TO PIN 8 el ? TO PIN 12 
1N753 
62V Y OFFSET ADJ kOe X OFFSET ADJ 
0.4 uF 
15 v | 32V 
2N2905A = 4, (A (Voi — Voa)l | R | 10k | 22k | 
OR EQUIV aye 
-15V “15V 5 = [4 (Vo1 — Vo2)| 
Av 


FIGURE 14 — OFFSET ADJUST CIRCUIT (ALTERNATE) 


yt 


Pot #1 
TO PIN 8 TO PIN 12 
Y OFFSET ADJ Wk 10kKe Or” yor eset ADS 
15V 


-15V 
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TYPICAL CHARACTERISTICS 


FIGURE 15 — LINEARITY versus TEMPERATURE FIGURE 16 — SCALE FACTOR versus TEMPERATURE 


Erx, ERY, LINEARITY (%) 
K, SCALE FACTOR 


-55 6 - 4 +25 +50 +75” «+100 +125 
Ta, AMBIENT TEMPERATURE (°C) : Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 17 — ERROR CONTRIBUTED BY 3 ' FIGURE 18 — ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER : ; INPUT DIFFERENTIAL AMPLIFIER 


—- 
Vx = Vy = 45.0 V Max 


ara 
Vxe Vy= ity Max : 
i 
13 = 143 = 1.0 mAdc 
+ 


I= 113= 1.0 made 


= 
& 


= 
> 


=: 
> 


ERROR, PERCENT. OF FULL SCALE (%) 


ERROR, PERCENT OF FULL SCALE (%) 


Ry OR Ry (k OHMS) : RX OR Ry (k GHMS) 


FIGURE 19 — MAXIMUM ALLOWABLE INPUT VOLTAGE versus VOLTAGE AT PIN 1OR PIN 7 


[Vx] OR |Vy[, MAX (Vpeak) 


{V4] OR {V7} (VOLTS) - 
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OPERATION AND APPLICATIONS INFORMATION 


‘ 


1. Theory of Operation 


The MC1595 (MC1495) is a monolithic, four-quadrant multi- 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation. is covered in Application Note 
AN-489, Analysis and Basic Operation of the MC1595. The result 

_ of this analysis is that the differential output current of the muiti- 
plier is given by 


i _2VxVy 
ta |B = 41 BYR Vig. 


where ta and Ig are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminats. 


2. Design Considerations 
2.1 General 


The MC1595 (MC1495) permits the designer to tailor the . 


multiplier to a specific application by proper selection of ex- 
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g. maximum output voltage swing). 


Each important parameter is discussed in detail in the following - 


paragraphs. 
2.1.1 Linearity, Output Error, Erx or Ery 


Linearity error is defined as the maximum deviation of out- 
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure below). : 


For example, if the maximum deviation, VE(max). is 
+100 mV and the full scale output is 10 volts, then the 
percentage error is 


_ VE(max) . 199 - 100 x 10-3 


ER= 
Vo(max) ; 10 


x 100 = +1.0%, 


Linearity error may be measured by either of the following 
methods: 

1. Using an X — Y plotter with the circuit shown in Figure 5, 

obtain plots for X and Y similar to the one shown above. 

2. Use the circuit of Figure 4. This method nulls the level 

shifted output of the multiplier with the original input. 
The peak output of the nul! operational amplifier will be 
equal to the error voltage, VE(max)- 

One source of linearity error can arise from targe signal non- 
linearity in the X ahd Y-input differential amplifiers. To avoid 
introducing error. from this source, the emitter degeneration 
resistors Rx and Ry must be chosen large enough so that non- 
linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of Rx and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e., 13 = 143 = 1.0 mA). 
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2.1.2 3 dB-Bandwidth and Phase Shift 


Bandwidth is primarily determined by the load resistors and 
the stray multiplier qutput capacitance and/or the operational 
amplifier used to level shift the output. If wideband operation 


__ is desired, low value load resistors and/or a wideband operational 


amplifier should be used. Stray output capacitance will depend 
to a large extent.on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels). If the input to output 
phase shift is only 0.6°, the output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be- 
tween Vy and Vy results in a vector error of 5%. 


2.1.3 Maximum Input Voltage 


Vx(max}- VY (max) Maximum input voltages must be such 
that: . 


Vx(max) <113 Ry 
Vy (max) <!3 Ry. 


Exceeding this value will drive one-side of the input amplifier to - 
“cutoff” and cause non-linear operation. 

Currents I3 and !43 are chosen at a convenient value (observ- 
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0mA. Then Ry and Ry can be determined by 
considering the input signal handling requirements. a 


For Vx(max) = Vy(max) = 10 volts; 


=10k2, 
A 


2VxVy 


kT 2kT 
SI (gt hy 
qli3 1k 


is derived from tA -Ip= 


(Rx + 


; kT 2kT 
with the assumption Rx > ORT ona Ry>——- 
— ati3 ql3 


- 


At Ta = +25°C and 143 =13=1mA, . 


eT PT io 


Therefore, with Rx = Ry = 10 k& the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx (max) OF 
Vy (max) due to V4 and V7. Exceeding these limits will cause 
saturation or “cutoff” of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 


2.1.4 Maximum Output Voltage Swing 


The maximum output voltage swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximum output swing is dependent 
upon vt for positive swing and upon the voltage at pin 1 for 
negative swing. The potential at pin 1 determines the quies- _ 
cent level for transistors Qs, Og, Q7, and Qg. - This potential 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform- 
ation regarding selection of these potentials. 


‘ 
: 


FIGURE 20 — BASIC MULTIPLIER 


vy 


vx 


MC1595L 
(MC 1495L) 


FIGURE 21 — MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 


10k 
10k 
MC1595L 
(MC1495L) 
10k 
10k 
SCALE a ; 
FACTOR 
ADJUST = = 
-10V< Vx <#10V Y OFFSET 
-1WV<Vy <+10V ADJUST 


Vt 


Vo=KVx VY 


2Rt 


RY 


-15V 


Pi 
ia 
eo 


X OFFSET 


ADJUST 


If an operational amplifier is used for fevel shift, as shown 
in Figure 21, the output swing (of the multiplier) is greatly 
reduced. See Section 3 for further details. 


3. General Design Procedure 


Selection of component values is best demonstrated by the 
foliowing example: assume resistive dividers are used at the X and 
Y inputs to limit the maximum multiplier input to +5.0 volts (Vx = 
Vy {max} for a +10-volt input (Vx’ =.Vy'[max]). (See Figure 21). 
Hf an overall scale factor of 1/10 is desired, then : 


_ Vx! Vy" _(2Vx) (2Vy) 


: = 4/10 VyxVy. 
Vo = "10 10 


Therefore, K = 4/10 for the multiplier (excluding the divider 
network). : 


Step 1. The first step is to select current 13 and current 143. 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. 13 and 143 will normally 
be one or two milliamperes. Further, 13 does not have to be equal 
to 143, and there is normally no need to make them different. For 
this example, tet 


Ig=h4g= ima. 


To set currents 13 and 143 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be- 
tween pin 3.and ground. From the schematic shown in Figure 3, 


~15V 


+15 V 
0.1 uF 
[0.1 BF 
? a Nas Bs 
; 
O04 
0 Vo = VX vy. 
10 
O 
O 


1Bk. RL 
5k 
OUTPUT . 


OFFSET 
ADJUST 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


it can be seen that the resistor values necessary are given by: 


: Rag +600 a= ITV 
113 
Rg +500 2 = |V~|-0.7 Vv 
I3 
Let V7=-15 V 
14.3V 


Then R43 + 500 = 


or R43 = 13.8k2 
1 mA — 13°13 


Let R43=12k2 
Similarly, R3 = 13.8 kQ 
Let R3=15k2 


However, for applications which require an accurate scale factor, 
the adjustment of R3 and consequently, !3, offers a convenient 
method of making a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor (balanced 
modulator,. frequency doubler, AGC amplifier, etc.), pins 3 and 13 
can be connected together and a single resistor trom pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one-half the above calculated value for R73. 


Step 2. The next step is to select Rx and Ry. To insure 
that the input transistors will always be active, the following condi- 
tions should be met: 


Vv 
igs 


Vv 
po <13. 
Rx Ry 


A good rule of thumb is to make .I3Ry 2 1.5 Vy(max) and 


143 RX > 1.5 Vx(max)- 


The larger the 1gRy and 143R x product in relation to Vy 
and Vy respectively, the more accurate the multiplier will be (see 
Figures 17 and 18). 


Let Ry = Ry = 10k2 
Then I3Ry = 10V 
143Rx = 10V 


since V x(max) = VY (max) = 9-0 volts the value of Ry = Ry = 10k2 
is sufficient. 


Step 3. Now that Rx, Ry and !3 have been chosen, Ry can 
be determined: 


2RL 4 
“RxRylz 10 
or (2) (RL) eae 


(10k) (10k) (1 mA) 10 


Thus Ry = 20k2. 


Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors Qy, Q2, Q3 and Qgq in an active 


region when the maximum input voltages are applied (Vx = Vy’ = 
10 V or Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors Q3 and Qa are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to, 
handle +5.0 voits at the inputs, the voltage at pin 1 musi be at ieast 
+7.0 volts. Let Vz =9.0 Vdc. 

Since the current following into pin 1 is always equal to 
213, the voltage at pin 1 can be set by piacing a resistor, Ry from 
pin 1 to the positive supply: 


- vt -V4 
2i3 


Ry 


Let vt=+15V 


15V-9V 
Thea hee 
mete (ay 01 mA) 


Ry =3kQ. 


Note that the voltage at the base of transistors O5, Qg, Q7 and Qg 
is one diode-drop below the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approximately halfway between the voltage at pin 1 and the positive- 
supply voitage. For this example, the voitage at pins 2 and 14 should 
be approximately 11 volts. 


Step 5. Level Shifting 


For de applications, such as the multiply, divide and square- 
root functions, it is usually desirable to convert the differential 
Output to a single-ended output voltage. referenced to ground. 
The circuit shown in Figure 22 performs this function. It can be 


shown that the output voltage of this circuit is given by: 


Vo = (2 -H44) RE 
; Zixly  2VxVy 
And since ia -lgp =!o-11q4= 13 ~13RxRy 


2RLVx‘Vy' 


4RxRxlg where Vx‘Vy’ is the voltage at the 
input to the voltage dividers. 


Then Vo= 


FIGURE 22 — LEVEL SHIFT CIRCUIT 
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The choice of an operational amplifier for this application: 


should have low bias currents, low offset current, and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556, and MC1741 operational ampliniers 
meet these requirements. 

Referring to Figure 21, the level shift components will be de- 
termined. When Vx = Vy =0, the currents Ig and 144 will be equal 
to 143. InStep 3, Ry was found to be 20 kQ and in Step 4, V2 and 
V74 were found to be approximately 11 volts.’ From this informa- 
tion, Rg can be found easily from the following equation (neglect- 
ing the operational amplifiers bias current): 


+ 
<2 Figne.e, V2 
Ri Ro 
And for this example, 11 V ee 15V-11V 
20 k2 Ro 


Solving for Ro, Ro = 2.6 kQ 

Thus, select Rg = 3.0k2. ° 

For Ro = 3.0 kQ, the voltage at pins 2 and 14 is caiculated to be 
: \ : 


V2 = V14 = 10.4 volts. 


The linearity of this circuit (Figure 21) is likely to be as good 
_ or better than the circuit of Figure 5. Further improvements are 


OPERATION AND APPLICATIONS INFORMATION (continued) 


possible as shown in Figure 23 where Ry has been increased sub-_ 
stantially to improve the Y linearity, and Rx decreased somewhat 
sO as not to materially affect the X linearity, this avoids increasing 
Ri significantly in order to maintain a K of 0.1. 

The versatility of the MC1595 (MC1495) allows the user to 
to optimize its performance for. various input and output signal 
levels. : 


4. Offset and Scale Factor Coherent 


4.1 Offset Voltages : 

Within the monolithic multiplier (Figure 3) transistor base- 
emitter junctions are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match- 
ing, an output error.can occur. This output error is comprised 
of X-input offset voltage, Y-input offset voltage, and output- 
offset voltage. These errors can be adjusted to zero with the tech- 
niques shown in Figure 21. Offset terms can be shown ana- 
lytically by the transfer function: 


9 = K(VX + VioxtVx off) (Vy  ViovtVY off) tVoo |) 


= scale factor 

Vx = = X input voltage : 
Vy = Y input voltage 

VIOX = X input offset voltage 

Vioy = Y input offset voltage 

Vx off= X input offset adjust voltage 
Vy off= Y input offset adjust voltage 
Voo = Output offset voltage. 


FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


X, Y and Output Offset Voltages 


Output 
Offset’ 


For most dc applications, all three offset adjust potentiome- 
ters (Pq, Po, Pg) will be necessary. One or more offset adjust 
potentiometers can be eliminated for ac applications (See Figures 
28, 29, 30, 31). 

If well regulated supply voltages are available, the offset ad- 
just circuit of Figure 13 is recommended. Otherwise, the circuit 
of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 


4.2 Scale Factor 


The scale factor, K, is set by P3(Figure 21). P3 varies ae 
inversely controls the scale factor K. It should be noted that 
current Ig isone-half the current through Ry. Ry sets the bias 
level for Qs, Og, Q7, and Og (See Figure 3). Therefore, to be 
sure that these devices remain active under al! conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges (see Section 3, General Design Procedure). 


_ 4.3 Adjustment Procedures 


The following adjustment procedure should be used to null 
- the offsets and set the scale factor for the multiply mode of 
operation. (See Figure 21) 


1. X Input Offset 
(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“Y" input (pin 4) 
(b) Connect ’'X”’ input (pin 9) to ground 
(c) Adjust X offset potentiometer, Pz, for an ac nuil 
at the output 
2. Y Input Offset 
(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“X" input (pin 9)- 
{b) Connect “Y” input (pin 4) to ground 
(c) Adjust “Y”’ offset potentiometer, P1,for an ac null 
at the output 
3. Output Offset 
(a) Connect both “’X" and “yer inputs to ground 
(b) Adjust output offset potentiometer, Pg, until the 
output voltage Vag is zero volts. dc 
4. Scale Factor. 
(a) Apply +10 Vdc to both the “’X” and “Y” inputs 
(b) Adjust P3 to achieve + 10.00 V at the output. 
5. Repeat steps 1 through 4 as necessary. 


The ability to accurately adjust the MC1595 (MC1495) 
depends upon the characteristics of potentiometers P4 
through Pq. Multi-turn, infinite resolution potentiomet- 
ers with low-temperature coefficients are recommended. 


5. DC Applications 


5.1 Multiply ; F 
The circuit shown in Figure 21 may be used to multiply 


signals from dc to 100 kHz. Input levels to the actual multi- . 


plier are 5.0 V (max). With resistive voltage dividers the maxi. 
mum could be very large — however, for this application two- 
to-one dividers have been used so that the maximum input 
level is 10 V. The maximum output level has also been designed 
for 10 V (max). 


5.2 Squaring Circuit 


If the two inputs are tied together, the resultant function is 
squaring; that is Vo = KV2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment 
potentiometers, thus eliminating one of the input offset adjust- 
ments. Procedures for nulling with adjustments are given as 


- follows: 


1. AC Procedure: 

(a) Connect oscillator (1 kHz, 15 Vpp) to input 

(b) Monitor output at 2 kHz with tuned voltmeter 
and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(c) Tune voltmeter to 1 kHz and adjust Py for a min- 
imum output voltage 

(d) Ground input and adjust P4 fouteNt offset). for 
zero volts dc output 

{e) Repeat steps a through d as necessary. 
2. DC Procedure: 

(a) Set Vx = Vy = 0-V and adjust Pq (output offset 
potentiometer) such that Vg = 0.0 Vdc 

(b) Set- Vx = Vy = 1.0 V and adjust Py (¥ “input 
offset potentiometer) such that the output voltage is 
+0.100 volts d : 

(c) Set Vx = Vy = 10 Vdc and adjust P3 such that the 
output voitage is + 10.00 volts 

(d) Set Vx = Vy =-10 Vdc. Repeat steps a through 
das necessary. 


Ag . \ 
FIGURE 24 — BASIC DIVIDE CIRCUIT 


x 


5. 3 Divide Circuit 


Consider the circuit shown in Figure 24.in which the multi- 
plier is placed in the feedback path of an operational amplifier. 
For this configuration, the operational amplifier will maintain 
a “virtual ground” at the inverting (-) input. Assuming that the 


bias current of the apa evene amplifier is negligible, then ly = 


'2 and 
KVxVy y “Vz 
R1 R2 (i) 
“Ri Vz (2) 
Solving for Vy, Vy = ROK vx . 
R1=R2 
-Vz 
Vy =—— 
i KVx : (3) 
R1=KR2 
-V ; : 
ie ae (4) 
Vx ; 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


Hence, the output voltage is the ratio of Vz to Vx and provides 
adivide function. This analysis is, of course, the idea! condition. 
!f the multiplier error is taken into account, the output voltage 
is found to be 


—— | +— , (5) 


where 4E is the error voltage. at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier can be 
set, particularly at smal! values of Vy. For example, assume 
that R1 = R2, and K = 1/10. For these conditions the output 
of the divide circuit is given by: 


-10Vz  104E 
Se ee * 


Vx Vx (6) 


Vy = 


From equation 6, it is seen that only when Vx = 10 V is the 
error voltage of the divide circuit as low as the error of the 
multiply circuit. For example, when Vx is small, (0.1 voit) 
the error voltage of the divide circuit can be expected to-be a 
hundred times the error of the basic multiptier circuit. 

In terms of percentage error, 


error 
percentage error = ———— x 100% 
actual 


or from equation (5); 


ok (7) 


From equation 7, the percentage error is inversely related to 
voltage V7 (i.e., for increasing values of Vz, the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. ; 


Two things should be emphasized concerning Figure 25. ~ 
1. The input voltage (V‘’x) must be greater than zero and 
must be positive. This insures that the current out of 
pin 2 of the multiplier will always be in a direction com- 


patible with the polarity of V2. 


2. Pins 2 and 14 of the multiplier have been interchanged 
in respect to the operational amplifiers inout terminals. 
In this instance, Figure 25 differs from the circuit connec- 
tion shown in Figure 21; necessitated to insure negative 
feedback around the loop. 


A Suggested Adjustment Procedure for the Divide Circuit 


1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (Pq) until the output voltage (Vy) remains at some 
(not necessarily zero) constant value as Vy’ is varied 
between +7.0 volt and +10 volts. 


2. Keep Vz at 0 volts, set Vx’ at +10 volts and adjust the 
Y input offset potentiometer (Py) until Vo = 0 volts. 


3. Let Vx’ = Vz and adjust the X input offset potentio- 
meter (P3) until the output voltage remains at some (not 
necessarily - 10 volts) constant value as Vz = Vy’ is 
varied between +1.0 and +10 volts. 


4. Keep Vx’ = Vz and adjust the scale factor potentiometer 
(P3) until the average value of Vo is - 10 volts as Vz = 
Vx’ is varied between +1.0 volt and +10 volts. 


5. Repeat steps 1 through 4 as necessary to achieve opti- 
mum. performance. 
5.4 Square Root 


A special case of the divide circuit in which the two inputs to - 
the multiplier are connected together is the square root function 


FIGURE 25 — DIVIDE CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 26 — BASIC SQUARE ROOT CIRCUIT 6. 
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V2 


Vo 


as indicated in Figure 26. This circuit may suffer from 
latch-up problems similar to those of the divide circuit. Note 
that only one polarity of input is allowed and diode clamping 
(see Figure 27) protects against accidental fatch-up. 

This circuit also may be adjusted in the closed-loop mode as | 
follows: 


1. Set Vz to - 0.01 volts and adjust P4 (output offset) for 
Vo = +0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out- 
put diode clamping. 


2. Set Vz to -0.9 voits and adjust P> (X adjust) for Vo = 
+3.0 voits. 


3. Set Vz to - 10 volts and adjust P3 (scale factor adjust) 
for Vg = +10 volts. : 


4. Steps 1 through 3 may be répeated as necessary to achieve 
desired accuracy. 


AC Applications 


The applications that follow demonstrate the versatility of the 


monolithic multiplier. tf a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units have circuits that, although they optimize dc multiplication 
operation, can hinder ac applications. 


6.1 Frequency doubling often is done with a diode where the 


‘fundamental plus aseries of harmonics are generated. However, 


extensive filtering is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
is smail in magnitude and requires amplification. ” 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for adc term, which can 
be removed with ac coupling. , 


&g = KE2 cos? wt 


E2 
= (1 + cos 2wt), 


MW 


&a 


A potted multiplier can be used to obtain the double fre- 
quency component, but frequency would be limited by its 
internal levei-shift amplifier. In the monolithic units, the ampli- 
fier is omitted. ; 

In a typical doubler circuit, conventional + 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre- 
quency ; less than 1% distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. : 

A slightly modified version of the MC1595 (MC1495) — 
the MC 1596 (MC1496) — has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28.) 

6.2 Figure 29 represents an application for the monolithic 
multiplier as a balanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 


& 


FIGURE 27 — SQUARE ROOT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 28 — FREQUENCY DOUBLER 
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When two equal cosine waves are applied to X and Y, 
the result isa wave shape of twice the input frequency. 
For this example the input was'a 10 kHz signal, output 
was 20 kHz. 


FIGURE 29 — BALANCED MODULATOR 
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The defining equation for balanced modulation is 


K(E pcos Wmt) (E, cos wet) = 


KE Em 


[cos (We t Wr) t +-cOs (We — Wmt] 


where we is the carrier frequency, wry is the modulator fre- 
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans: 
lation or an operational amplifier; a higher operating PEN 
results. 

A problem common to communications is .to extract the 
intelligence from singte-sideband received signal. The ssb signal 
is of the form 


Egsh = A cOS (We + Wm) t 


and if multiplied by the appropriate carrier waveform, cos weft, 


Cssh@ carrier = aa {cos (2wW._ + Wm)t + cos (we)t]. 

if the frequency of the band-limited carrier signal, we, is ascer- 
tained in advance the designer can insert a low-pass filter and 
obtain the (AK/2) (cos wet) term with ease. He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. But in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not ‘accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 


6.3 Amplitude Modulation 


The multiplier performs amplitude modulation, similar to 
balanced modulation, when adc term is added to the modulating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 


Here, the identity is 


Em(1 + m cos wmth Ee cos wet = KEmE cos wet + 


KEmEcm 


[cos(we + Wm)t.t COs (We - Wry)t] 


where m indicates the degree of modulation. Since m is adjust- 
able, via potentiometer P1, 100% modulation is possible. With- 
out extensive tweaking, 96% modulation may be obtained where 
We and Wr are the same as in the balanced-modulator example. 


6.4 Linear Gain Control 


To obtain jinear gain control, the widesigner can feed. to one 
of the two MC1595 (MC 1495) inputs a signat that will vary the 
unit's gain. The following example demonstrates the feasibility 
of this application. Suppose a 200 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vc is 0 to +1.0 volt. 
These must be ascertained and the proper values of Rx and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, toad resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed. 1t may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31:) 
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FIGURE 30 — AMPLITUDE MODULATION 
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The signal-is applied to the unit’s Y input. Since the total 
input range is timited to 1.0 volt p-p, a 2.0-volt swing, a current 
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1.0 mA and the Ry value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range. 

Choosing R,_ = 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration is 


WS aR 


(2k}(1 k)}(2 x 103) 


The 2 in the numerator of the equation is missing in this scale- 
factor expression because the output is single-ended and ac 
coupled. . : 

' To recover the gain, an MC1552 video amplifier with a gain 
of 40 is used. An operational amplifier also could have been 
used with frequency compensation to allow a gain of 40 at 


200 kHz. The MC1539 operational amplifier can be tailored for | ~ 
this use; and the MC1520 operational amplifier does it directly. ; 


‘FIGURE 31 — LINEAR GAIN CONTROL 
+12V 
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NOTE: 

Linear gain.control of a 1-volt peak-to-peak signal is 
performed with a 0-to-}-volt control voltage. if Vg is 
0.5 volt the output will be 0.5 volt p-p. 
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ORDERING INFORMATION 


“Device Temperature Range Package 
MC1496G 0°C to +70°C Metal Can MC1496 
MC1496L 0°C to +70°C Ceramic DIP 
- MC1496P “O°C to +70°C Plastic DIP 
MC1596G ' 55°C to +125°C Metal Can , MC1596 
MC1596L —55°C to.+125°C Ceramic DIP 


BALANCED MODULATOR — DEMODULATOR 


. .. designed for use where the output voltage is a product of an 
_input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carrier and amplitude modulation, 
synchronous detection, FM detection, phase detection, and chopper 
applications. See Motorola Application Note AN-531 for additional 


BALANCED 
MODULATOR ~ DEMODULATOR | 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
design information. 
@ Excellent-Carrier Suppression — 65 dB typ @ 0.5 MHz 
— 50 dB typ @ 10 MHz 
@ Adjustable Gain and Signal. Handling 
® Balanced Inputs and Outputs 
@ High Common-Mode Rejection — 85 dB typ 


G SUFFIX 
METAL PACKAGE 
CASE 603 


\ 


(Top View) 


FIGURE 1-- 
SUPPRESSED-CARRIER 
OUTPUT WAVEFORM 


L SUFFIX 
CERAMIC PACKAGE 

CASE 632 ; 
TO-116 
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P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1496 only) 
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FIGURE 3 - 
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MAXIMUM RATINGS* (T, = +25°C unless otherwise noted) 


Applied Voltage : 
(Vg - V7. Vg - V4,Vg—- V7, Vg —- Vg, V7 - V4.V7~- V4. 
Vg — V4, Vg ~ Vg, V2 - V5. V3 - V5) 


. 

-V7—Vg +5.0. vde 
Va-V14 : £(5+l5Re) 

A 


Maximum Bias Current | Pe eae ee es ee 


Differential Input Signal 


t 


Power Dissipation (Package Limitation) 
Ceramic Dual In-Line Package 
Derate above Tp = +25°C 

Metal Package Ge See errr rs ee 

Derate above Ta = 25°C 


Operating Temperature Range 


MC 1496 
MC 1596 


0 to +70 
-55 to +125 


ELECTRICAL CHARACTERISTICS * (Vcc = +12 Vdc, Veg = -8.0 Vdc, I5 = 1.0 mAdc, Ri, = 3.9 kQ, Re = 1.0 kX, 
Ta = +25°C unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noted.) 


Storage Temperature Range 


stg 


Carrier Feedthrough uV(rms) 
Vco = 60 mV(rms) sine wave and fo = 1.0 kHz 40 
offset adjusted to zero fo = 10 MHz 140 
Vc = 300 mVp-p square wave: 
offset adjusted to zero fo = 1.0 kHz 0.04 : 
offset not adjusted 20 
Carrier Suppression 
. fg = 10 kHz, 300 mV(rms) 
fc = 500 kHz, 60 mV(rms) sine wave 50 65 65 
fo = 10 MHz, 60 mV(rms) sine wave = 50 50 
Transadmittance Bandwidth (Magnitude) (RL = 50 ohms) BW3qB 
Carrier Input Port, Vo = 60 mV(rms) sine wave 300 300 
fg = 1.0 kHz, 300 mVirms) sine wave , 
Signal Input Port, Vg = 300 mVirms) sine wave ~ 80 80 
Vc] = 0.5 Vde 
Signal Gain 3 Avs 2.5 | 3.5 25 | 3.5 
Vg = 100 mV(rms), f = 1.0 kHz; [Vc] = 0.5 Vde 
Single-Ended Input !mpedance, Signal Port, f = 5.0 MHz 
Parallel Input Resistance Tip 200 200 kQ 
Parallel input Capacitance Cip 2.0 2.0 pF 
Single-Ended Output Impedance, f = 10 MHz . 
Parallel Output Resistance Top 40 kQ 
Parallel Output Capacitance Cop 5.0 pF 
Input Bias Current 7 j uA 
14 +14 I7'+ 1g I 12 | 25 12 |) 30 
Ibs = bees bS 
2 2 lbc 12 | 25_ 12 | 30 ; 
Input Offset Current 7 — ; . : HA 
lioS = 14 - 14: lioc = !7 - Ig ee llios| 0.7 | 5.0 0.7 | 7.0 4 
lioc| 0.7 | 5.0 0.7 | 7.0 F- 
Average Temperature Coefficient of Input Offset Current 7: ITChio! 2.0 2.0 nA/°C 
(Ta = -55°C to +125°C) . 
Output Offset Current 7 50 uA , 
{1g - Ig) : : : 
Average Temperature Coefficient of Output Offset Current | 7 ITCtool nA/°c | 
(Ta = -55°C to +125°C) . 

Common-Mode Input Swing, Signal Port, fg = 1.0 kHz Fo] 4. | CMV P= 4 80. | fe 80 [=| Vp-p 

Common-Mode Gain, Signal Port, fg = 1.0 kHz, ACM -85 . 

IVcl = 0.5 Vdc 

Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) iol - | Vo | | - | so] - | 8.07 | - | 

Dire! Output Votoge Sing Capi fof — [vor J-feet- [- [eo] —_ 

Power Supply Current 7 . p 
letig : : : lec 2.0 0 

-{ lo IEE 3.0 | 4. 


* Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 
ceramic packaged devices refer to the first page of this specification sheet. 
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GENERAL OPERATING INFORMATION * 


Note 1 — Carrier Feedthrough 


Carrier feedthrough is defined as the output voltage at carrier 
frequency with only the carrier applied (signal voltage = 0). 


Carrier null is achieved by balancing the currents in the differ- . 


ential! amplifier by means of a bias trim potentiometer (Rq of 
Figure 5). 


Note 2 — Carrier Suppression 


Carrier suppression is defined as the ratio of each sideband out- 
put to carrier output for the carrier and signal voltage levels speci- 
fied, ; 

Carrier suppression is very dependent on carrier input level, as 


shown in Figure 22. A tow value of the carrier does not fully . 


switch the upper switching devices, and results in lower signal 
gain, hence lower carrier suppression. A higher than optimum car- 
rier level results in unnecessary device and circuit carrier feed- 
through, which. again degenerates ‘the suppression figure. The 
MC1596. has been characterized with a 60 mV(rms) sinewave 
carrier input signal. This level provides optimum carrier suppres- 
sion at carrier frequencies in the vicinity of 500 kHz, and is 
generally recommended for balanced modulator applications. 

Carrier feedthrough is independent of signal level, Vs. Thus 
carrier suppression can be maximized by operating with large sig- 
nal levels. However, a linear operating mode must be maintained 
in the signal-input transistor pair — or harmonics of the modulating 
signal wili be generated and appear in the device output as spurious 


sidebands of the suppressed carrier. This requirement places an. 


upper limit on input-signal amplitude (see Note 3 and Figure 20). 
Note also that an optimum carrier level is recommended jin -Fig- 


ure 22 for good carrier suppression and minimum spurious side- 


band generation. 

At higher. frequencies circuit layout is very important in order 
to minimize carrier feedthrough. Shielding may be necessary in 
order to prevent capacitive coupling between the carrier input 
leads and the output leads. 


Note 3 — Signal Gain and Maximum Input Level 


Signa! gain (single-ended) at low frequencies is defined as the 
voltage gain, 


NO « HE _ 26 mV 
AVS = Vg ~ Ret Ore Were "e = Te (mal 


‘A constant dc potential is applied to tne carrier input terminals to 
fully switch two of the upper transistors “on'’ and two transistors 
“off” (Vo = 0.5 Vdc). This in effect forms a cascode differential 
amplifier. 

Linear operation requires’ that the signal input be below a criti- 
cal value determined by Re and the bias current. 15 


Vs s : Ig Re (Volts peak) 


Note that in the test circuit of Figure 10, Vg corresponds to a 
maximum vatue of 1 voit peak. 


Note 4 — Common-Mode Swing 


The common-mode swing is the voltage which may be applied 
to both bases of the signal differential amplifier, without saturating 
the current sources or without saturating the differential amplifier 
itself by swinging it into the upper switching devices. This swing 
is variable depending on the particular circuit and biasing condi- 
tions chosen (see Note 6)... 


Note 5 — Power Dissipation 1 


Power dissipation, Pp, within the integrated circuit package 
should be calculated as the summation of the voltage-current prod- 
ucts at each port, i.e. assuming Vg = Veg. 15 = |g = 1g and ignoring 


base current, Pp = 2 !5 (Vg — Vi0) + I5 (V5 — V1) where sub- 
scripts refer to pin numbers. 
Note 6 — Design Equations 


The following is a partial list of design equations needed to 
Operate the circuit with other supply voltages and input condi- 
tions. See Note 3 for Re equation. 


A. Operating Current 
The ‘interna! bias currents are set by the conditions at pin 5. 
Assume: 


= \g =lg 
IB<<!¢ for ail transistors 
then: 


R5 = vie ~-500 2° where: Rg is the resistor between pin 
5 5 and ground 
@= 0.75 V at Tp = +25°C 


The MC1596 has been characterized for the condition I5 = 1.0 
mA and is the generally recommended value. 


B. Common-Mode Quiescent Output Voltage 


: Vg=Vg=Vt-—I5RL 


Note 7 — Biasing 


The MC1596 requires three dc bias voltage levels which must be 
set externally. Guidelines for setting up these three levels include 
maintaining at least-2 volts: collector-base bias. on all transistors 
while not exceeding the voltages given in the absolute maximum 
rating table; 


30 Vde = [(Vg, Vg) — (V7, Vg)] = 2 Vde 
30 Vde, = [(V7, Vg) — (V4, V4)] 2 2.7 Vde 
30 Vde = ((V4, V4) — (V5) 2 2.7 Vde 


The foregoing conditions are based on the following approxima- 
tions: 


V6 = Vo. V7 = Vg, Vi =Va 


Bias currents flowing into pins 1, 4, 7, and 8 are transistor base 
currents and can normally be neglected if external bias dividers 
are designed to carry 1.0 mA or more. 


Note 8 — Transadmittance Bandwidth’ 
Carrier transadmittance bandwidth is the 3-dB bandwidth of 
the device forward Hransadittained as defined by: 


: ig (each sideband} 


Y21C “~~ vg (signal) 


Vo= 


Signal transadmittance bandwidth is the 3-dB bandwidth of the 
device forward transadmittance as defined by: 


ig (signal) 
Y21S ~ vg (signal) 


¢ = 0.5 Vdc, Vg = 0 


*Pin number references pertain to this device when packaged in a 
metal can. -To ascertain the corresponding pin numbers for plas- 
tic or ceramic packaged devices refer to the HSt Ppa of this 
specification sheet. 
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Note 9 — Coupling and Bypass Capacitors Cy and Ca 


Capacitors Cy and Ca (Eigure 5) should be selected for a re-. 
actance of less than 5.0 ohms:at the carrier frequency. © 


Note 10 — Output Signal, Vo 


The output signal is taken from pins 6 and 9, either balanced 
or single-ended. Figure 12 shows the output levels of each of the 
two output sidebands resulting from variations in both the car- 
rier and modulating signal inputs with a single-ended output 
connection. 


Note 11 — Signal Port Stability 


Under certain values of driving source impedance, oscillation 
may occur, In this event, an RC suppression network should be 


connected directly to each input using short leads. This will reduce 
_ the Q of the source-tuned circuits that cause the oscillation. 


SIGNAL INPUT cae 
(PINS 1 & 4). 


An alternate method for low-frequency applications is to insert 
a 1-k-ohm resistor in series with the inputs, pins 1 and 4. In this 
case input current drift may cause serious degradation of carrier 
suppression. : 


TEST CIRCUITS 


_ FIGURE 5 — CARRIER REJECTION AND SUPPRESSION 
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FIGURE 7 — BIAS AND CFFSET CURRENTS 
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FIGURE 6 — INPUT-OUTPUT IMPEDANCE 
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-8 Vde 
FIGURE 8 — TRANSCONDUCTANCE BANDWIDTH 
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Pin number references pertain to this device when packaged ina metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
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TEST CIRCUITS (continued) 


FIGURE 9 — COMMON-MODE GAIN FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING 
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E 
Pin number references pertain to this device when packaged in a meta! can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
TYPICAL CHARACTERISTICS (continued) . 


Typical characteristics were obtained with circuit shown in Figure 5, f¢ = 500 kHz (sine wave), 
Vc = 60 mVirms), fg = 1 KHz, Vg = 300 mV(rms), Ta = +25°C uniess otherwise noted. 


FIGURE 11 — SIDEBAND OUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FREQUENCY 


FIGURE 12 — SIGNAL-PORT PARALLEL-EQUIVALENT 
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TYPICAL CHARACTERISTICS (continued) 


Typical characteristics were obtained with circuit shown in Figure 5, f¢ = 500 kHz (sine wave), 
Vc = 60 mVirms), fg = 1 KHz, Vg = 300 mMV(rms), Ta = +25°C unless otherwise noted. 


FIGURE 15 — SIDEBAND AND SIGNAL PORT 
TRANSADMITTANCES versus FREQUENCY 
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FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE 


(Standard 
Test Circuit) T 


RL = 5002. 
Re=1k 


f, FREQUENCY (MHz) 


FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY 
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FIGURE 16 — CARRIER SUPPRESSION 
versus TEMPERATURE 
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FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY 
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FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION 
versus INPUT SIGNAL LEVEL 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC 
SIDEBANDS versus CARRIER FREQUENCY 


CARRIER SIDEBAND (dB) 


SUPPRESSION BELOW EACH FUNDAMENTAL 


fc, CARRIER FREQUENCY (MHz) 


FIGURE 22 — CARRIER SUPPRESSION 
versus CARRIER INPUT LEVEL 
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OPERATIONS INFORMATION 


The MC1596/MC1496, a monolithic balanced modulator cir- - 


cuit, is shown in Figure 23. 
This circuit consists of an upper quad differential amplifier 


driven by a. standard differential amplifier with dual current - 


sources. The output collectors are cross-coupled so that full-wave 

balanced multiplication of the two input voltages occurs. That is, 
the output signa! is a constant times the product of the two input 
signals. 

Mathematica! analysis of linear ac signal multiplication indi- 
cates that the output spectrum will consist of only the sum and 
difference of the two input frequencies.. Thus, the device may be 
used as a balanced modulator, doubly balanced mixer, product 
detector, frequency doubler, and other applications requiring 
these particular output signal characteristics. 

The lower differential amplifier has its emitters connected to 
the package pins so that an external emitter resistance may be 
used. Also, external load resistors are employed at the device 
Output. ; 


Signal Levels 


The upper quad differential amplifier may be operated either 
in a linear or a saturated mode. The lower differential amplifier 
is operated in a linear mode for most applications. ; 

For low-level operation at both input ports, the output signal 
will contain sum and difference frequency components and have 


an amplitude which is a function of the product of the input signal 


amplitudes. 

For high-level operation at the carrier input port and linear 
operation at the modulating signal port, the output signal will 
contain sum and difference frequency components of the modu- 
lating signal frequency and the fundamental and odd harmonics of 
the carrier frequency. The output amplitude will be a constant 
times the modulating signal amplitude. Any amplitude variations 
in the carrier signal will not appear in the output. 


- FIGURE 23 — CIRCUIT SCHEMATIC 
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FIGURE 24 — TYPICAL MODULATOR CIRCUIT 
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Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. - 
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OPERATIONS INFORMATION (continued) 


The linear signal handling capabilities of a differential amplifier 
are well defined. With no emitter degeneration, the maximum 
input voltage for linear operation is approximately 25 mV peak. 
Since the upper differential amplifier has its emitters internally 
connected, this voltage applies to the carrier input port for all 
’ conditions. 

Since the lower differential amplifier has provisions for an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op- 
eration may be approximated from the following expression: 


Vv -(I5) (Re}voits peak. 


This expression may be used to compute the minimum value of 
Re for a given input voltage amplitude. 


FIGURE 25 — TABLE 1 © : 
VOLTAGE GAIN AND OUTPUT FREQUENCIES 


_ Carrier Input 
Signal (Vc) 


High-level dc 


Approximate 
Voltage Gain’ 


Output Signal 
Frequency(s) 


Ru Ve 
2(ReE + 2re) (S) 


Rt Vclrms) 
2./2(S4) (RE + 2re) 


High-level ac 


fo tf, 3fc +f, 
Sfotfm... - 


The gain from the modulating signal input port to the output is 
the MC 1596/MC 1496 gain parameter which is most often of interest 
to the designer. This gain has significance only when the lower 
differential amplifier is operated in a linear mode, but this includes 
most applications of the device. 

As previously mentioned, the upper quad differentia! amplifier 
may be operated either in a linear or a saturated mode. Approxi- 
mate gain expressions have been developed for the MC1596/ 
MC 1496 for a low-level modulating signal input and the following 
carrier input conditions: ‘ 


1) Low-level dc 
2) High-level dc 
3) Low-level ac 
4) High-level ac 


. These gains are summarized in Table 1, along with the fre- 
quency components contained in the output signal. 


NOTES: 

1. Low-level Modulating Signal, Vay, assumed in all cases. 
Vc is Carrier Input Voltage. 

2. When the -output signa! contains multiple frequencies, 
the gain expression given is for the output amplitude of 
each of the two desired outputs, fo + fry and fc - fy. 

3. Ati gain expressions are for.a single-ended output. For 

a differential output connection, multiply each expres- 

sion by two. 

Ry = Load resistance. 

Re = Emitter resistance between pins 2 and 3. 

. Te = Transistor dynamic emitter resistance, at +25°C; 


OOS 


~, 26 mV 
re™ 15 (mA) 


7. K = Boltzmann’s Constant, T = temperature in degrees 
Kelvin, q = the charge on an electron. 


a s 26 mV at room temperature 


APPLICATIONS INFORMATION 


Double sideband suppressed carrier modulation is the basic 
application of the MC1596/MC1496. The suggested circuit for 
; this application is shown on the front page of this data sheet. 
In some applications, it may be necessary to. operate the 
MC1596/MC1496 with a single dc supply voltage instead of dual 
supplies. Figure 26 shows a balanced modulator designed ‘for 
operation with a single +12 Vdc supply. Performance of this cir- 
cuit is similar to that of the dual supply modulator. 


AM Modulator 


_ The circuit shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 


All that is required to shift from suppressed carrier to AM 


Operation is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal, 

However, the suppressed carrier null circuitry as shown in 
_ Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator may be modified for AM operation by changing 
two resistor values in the null circuit as shown in Figure 28. 


Product Detector 


The MC1596/MC1496 makes an excellent SSB product detec- 
tor (see Figure 29). : 


This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an intermediate fre- 
quency of 9 MHz. ' 

‘The detector is broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 UF capacitors on pins 7 and 8 should be increased to 
1.0 UF. . Also, the output filter at pin 9 can be tailored to a 
specific intermediate frequency and audio amplifier input im- 
pedance. ers 

As in all applications of the MC1596/MC1496, the emitter 
resistance between pins 2 and 3 may be increased or decreased to 


‘adjust circuit gain, sensitivity, and dynamic range. © 


This circuit may also be used as an AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 


__ input. : : 


The carrier signal may. be derived from the intermediate fre- 


‘quency signal or generated locally, The carrier signal may be in- 
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troduced with or without modulation, provided its level is 
sufficiently high to saturate the upper quad differential amplifier, 
If the carrier signal is modulated, a 300 mV(rms) input jevel is 
recommended. : 
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APPLICATIONS INFORMATION (continued) 


Doubly Balanced Mixer 


The MC1596/MC1496 may be used as a doubly balanced 
mixer with either broadband or tuned narrow band input and 
output networks: 

The local oscillator signal is introduced at the carrier input 
port with a recommended amplitude of 100 mV(rms). 

Figure 30 shows a mixer with a broadband input and a tuned 
output. : 


Frequency Doubler 


The MC1596/MC1496 will operate as a frequency doubler by 
introducing the same frequency at both input ports. 

Figures 31 and 32 show a broadband frequency doubler and a 
tuned output very high frequency (VHF) doubler, respectively. 


Phase Detection and FM Detection 


The MC1596/MC 1496 will function as a. phase detector, High- 
level input signals are introduced at both inputs. When both inputs 
are at the same frequency the MC1596/MC1496 will deliver an 
output which is a function of the phase difference between the 
two input signals. 

An FM detector may be ‘eohsrusted by using the phase detec- 
tor principle. A tuned circuit is added at one of the inputs to 
cause the two input signats to vary in phase as.a function of fre- 
quency. The MC1596/MC 1496 wiil then prowde an output which 
is a function of the input signal frequency. 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers ed plastic or ceramic 


packaged devices refer to the first page of this specification sheet. 


TYPICAL APPLICATIONS 


FIGURE 26 ~- BALANCED MODULATOR 
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FIGURE 28 — AM MODULATOR CIRCUIT 


MC1S96G 
MC 14966 


MODULATING 
SIGNAL 750 


CARRIER ADJUST 


1 


8-99 


MODULATING 
SIGNAL 


FIGURE 27 ~— BALANCED MODULATOR -DEMODULATOR 
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FIGURE 29 — PRODUCT DETECTOR 
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TYPICAL APPLICATIONS (continued) 


FIGURE 30 — DOUBLY BALANCED MIXER i : ; 
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) FIGURE 31 — LOW-FREQUENCY DOUBLER 


vec . Vcc 
+8 Vde 


RFC 
0.001 pF 100 nH 
- LOCAL an 
OSCILLATOR 9.0 
100m ve yon 0.001 HF | OUTPUT 
ciag ‘ “ Mc1596 
RF INPUT 954 9.0 MHz INPUT “15 Vde MC1496 


OUTPUT 15'mV(rms) MAX |, + 100 uF 
R, = 8082 15 Vdc / 
51 L 


L1 = 44 TURNS AWG NO. 28 ENAMELED WIRE, WOUND 
ON MICROMETALS TYPE 44-6 TOROID CORE. 


BALANCE 


FIGURE 32 — 150 to 300 MHz DOUBLER 
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DEFINITIONS 


AMPLITUDE 


(fo + 2fs) 
(2f¢ — 2fs) 
(2f¢ - fs)’ 
(3f¢ ~ fs) 
(3fc + fs) 
(3f¢ + 2fs) 


FREQUENCY —-———————@™ BALANCED MODULATOR SPECTRUM | é 
fo CARRIER FUNDAMENTAL : fo tnfg FUNDAMENTAL CARRIER SIDEBAND HARMONICS 
fg MODULATING SIGNAL. nf¢ CARRIER HARMONICS 


~ 


fctfs FUNDAMENTAL CARRIER SIDEBANDS "nf + nfs CARRIER HARMONIC SIDEBANDS 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 
ceramic packaged devices refer to the-first page of this specification sheet. 
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ORDERING INFORMATION 


Device - Temperature Range Package 
MC1733G —55°C to +125°C: Metal Can 
MC1733L —55°C to +125°C Ceramic DIP 
MC1733CG .O°C to +70°C Metal Can 
MC1733CL o°C to +70°C Ceramic DIP 
MC1733CP 0°C to, +70°C Plastic DIP 


r 


DIFFERENTIAL VIDEO AMPLIFIER 


. .a wideband amplifier with differential input and differential out- 
put. Gain is fixed at 10, 100, or 400 without external components 
or, with the addition of one externa! resistor, gain becomes adjustable 
from 10 to 400. 


® Bandwidth — 120 MHz typical @ Ayg = 10 
@ Rise Time ~— 2.5 ns typical @ Ayg = 10 
@ Propagation Delay Time — 3.6 ns typical @ Ayg = 10 


\ 


FIGURE 2 — VOLTAGE GAIN 
ADJUST CIRCUIT 


FIGURE. 1 — BASIC CIRCUIT 
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MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted) 


Power Supply Voltage ; _ Veco: +8.0 Volts 
VEE ‘ -8.0 


Differential Input Voltage | Vin 
Poupatcurent tg 


internal Power Dissipation (Note 1) 
Metal Can Package. : 500 mw i 
Ceramic Dual In-Line Package 500 ; 

Operating Temperature Range MC1733C Ta 0 to +70 % 
-MC1733 -55 to +125 
: MC1733 MC1733C 


Differential Voltage Gain . . ; 
Gain 1 (Note 2) 250 
Gain 2 (Note 3) 
Gain 3 (Note 4) 


Bandwidth (Rg =50) 
Gain 1 
Gain 2 
Gain 3 

Rise Time. (Ro =5022, Vo = 1 Vp-p) 
Gain 1 ; 
Gain 2 
Gain 3 

Propagation Delay (R,=502,Vo = 1 Vp-p) 
Gain 1 : 
Gain 2 
Gain 3 


Input Resistance 
Gain 1 
Gain 2 
: Gain 3 . ; 
Input Capacitance (Gain 2) 
_ | Input Offset Current (Gain 3) 
Input Bias Current (Gain 3) 


Input Noise Voltage (R,=502, Va 
BW.=-1 kHz to 10 MHz 


Input Voltage Range (Gain 2) 


Common-Mode Rejection Ratio’ 
Gain 2 (Vom = £1 V, f $100 kHz) 
Gain 2 (Vem = £1 V, f= 5 MHz) 


Supply Voitage Rejection Ratio : 
Gain 2 (AV, = +0.5 V) 


Output Offset Voltage 
Gain 1 


Gain 2 and Gain 3 


[outoutVotege Swing (Gain) =| 
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ELECTRICAL CHARACTERISTICS (Vcc = +6.0 Vdc, Veg = -6.0 Vde, at Ta = Thigh to Tiow unless otherwise noted.)* 


Differential Voltage Gain 
Gain 1 (Note 2) 
Gain 2 (Note 3) 
Gain 3 (Note 4) 
tnput Resistance 
Gain 2 


Input Voltage Range (Gain 2) 
Common-Mode Rejection Ratio 

Gain 2 (Vom = +1 V, f <100-kHz) 
Supply Voltage Rejection Ratio 

Gain 2 (AV, = 40.5 V) 


Output Offset Voltage 

Gain 1 

Gain 2 and Gain 3 
Output Voltage Swing (Gain 2) 
Output Sink Current (Gain 2) 


*Tlow = 0°C for MC1733C, -55°C for MC1733 
Thigh = +70°C for MC1733C, +125°C for MC1733. 


NOTES 


‘Note 1: Derate metal package at 6.5 mW/°C for operation at 
ambient temperatures above 75°C and dual in-line pack- 
age at 9 mW/°C for operation at ambient temperatures 
above 100°C (see Figure 4). if operation at high am- 
bient temperatures is required (MC1733) a heatsink 
may be necessary to limit maximum junction tempera- 
ture to 150°C. Thermal resistance, junction-to-case, 
for the metal package is 69.4°C per Watt. 

Note 2: Gain Select pins Gyq and G7g connected together. 
Note 3: Gain Select pins Gaga and Gog connected together. 
Note 4: All Gain Select pins open. 


CERAMIC DUAL 
IN-LINE PACKAGE 


Pp, INTERNAL POWER DISSIPATION (mW) 


0 +50 +100 +150 +200 


Ta, AMBIENT TEMPERATURE (°C) 
TYPICAL CHARACTERISTICS 


(Voc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 5 ~ SUPPLY CURRENT versus TEMPERATURE ; FIGURE 6 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +6.0 Vdc, VEE = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 7 — GAIN verus TEMPERATURE FIGURE 8 — GAIN versus FREQUENCY 
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FIGURE 9 — GAIN versus SUPPLY VOLTAGE ‘FIGURE 10 — GAIN versus RapJUST 
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MC1733, MC1733C 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 13 — PULSE RESPONSE versus GAIN FIGURE 14 — PULSE RESPONSE versus SUPPLY VOLTAGE 


UT VOLTAGE (VOLTS) 
+ 


Vg, OUTPUT VOLTAGE (VOLTS) 


Vg, OUTP 


t, TIME (ns) é t, TIME (ns) 


: 4 FIGURE 16 — DIFFERENTIAL OVERDRIVE 
FIGURE 15 — PULSE RESPONSE versus TEMPERATURE RECOVERY TIME 


Vo, OUTPUT VOLTAGE (VOLTS) 
DIFFERENTIAL INPUT VOLTAGE (mV) 


t, TIME (ns) - , OVERDRIVE RECOVERY TIME (ns) 


‘FIGURE 17.— PHASE SHIFT versus FREQUENCY FIGURE 18 — PHASE SHIFT versus FREQUENCY 
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-MC1733, MC1733C 


TYPICAL CHARACTERISTICS (Continued) 
(Voc = +6.0 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 19 — INPUT RESISTANCE versus TEMPERATURE 


Rin, INPUT RESISTANCE (ks2) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 21 — OUTPUT VOLTAGE SWING and 
SINK CURRENT versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE SWING (Vp-p} 
tg, QUTPUT SINK CURRENT (mA) 
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FIGURE 23 — OUTPUT VOLTAGE SWING versus FREQUENCY 


RL =10k2 | 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


1.0 — 100 1.0k 


f, FREQUENCY (MHz) 


INPUT NOISE VOLTAGE (uV{rms}) 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 
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CMRR, COMMON-MODE REJECTION RATIO (dB) 


FIGURE 20 — INPUT NOISE VOLTAGE 
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APPLICATIONS INFORMATION 


FIGURE 25 — VOLTAGE CONTROLLED OSCILLATOR 


© Output 


2N4360 or 
equiv. 


Control . 
Voltage : 
Vo. 
VEE 
_ By changing the voltage V¢ the gain will 
. vary over a range of 10 to 400. This will 


give a frequency variation about the value 
‘set by the capacitor and shown in Figure 26. 


TAPE,DRUM OR DISC MEMORY READ AMPLIFIERS 


- The first. of several methods to be discussed is shown in 
_ Figure 27. This block diagram describes a simple Read cir- 
cuit with no threshold circuitry. Each block represents a 
‘basic function that must be performed by the Read circuit. 
The first block, referred to as ‘‘amplfiication’’, increases 
the level of the signal available from the Read head to a 
level adequate to drive the peak detector. Obviously, these 
signal fevels will vary depending on factors such as tape 
"speed, whether the system used is. disc or. tape, and the 
type of head and the circuitry used. For a representative 
_ tape system, levels of 7 to 25 mV for the signal from the 
Read head and 2 V for the signal to the peak detector are 
typical. These signal levels are ‘‘peak-to-peak’’ unless 


otherwise specified. On the basis of the signal levels men- * 


tioned above, the overall amplification required is 38 to 
49 dB. 

How the overall gain requirement is implemented will 
depend somewhat:on the system used. For. instance, a 
tape .cassette system with. variable tape speed may utilize 
a first stage for gain and a second stage primarily for gain 
control, Thus, a typical circuit would utilize 35 dB in the 
first stage and 10 to 15 dB in the second stage. : 


Devices suitable for use as amplifiers fall. into. one. of 


two categories, operational amplifiers or wideband video 
amplifiers. Lower speed equipment with low transfer rates 
‘commonly uses low cost operational amplifiers. Exarnples 
of these are the MC1741, MC1458, MC1709, and MLM301. 
Equipment requiring higher transfer: rates, such as disc 
systems. normally: use wideband amplifiers such as the 
MC1733.. The actual.cross-over point where wideband 
: amplifiers are used exclusively varies with equipment de- 


FIGURE 27 — TYPICAL READ CIRCUIT (METHOD 1) 


- Zero E 
Crossing Limiter 
Detector 


Amplifiers Peak 
MC1733, Detector 


‘Output. 


CAPACITANCE (pF) 


-simple RC type in reel and cassette systems. 


FIGURE 26 — OSCILLATOR FREQUENCY FOR 
VARIOUS CAPACITOR VALUES 


100 7 10 k 100 k iM 10M 
FREQUENCY (Hz) 


sign. For purposes of comparison, the MLM301 has 
slightly less than a'40 dB open-loop gain. at 100 kHz; the 
MC1741, a compensated op-amp, has approximately 20 dB 
open loop gain at 100 kHz; the MC1 733 has approximately 
33 dB of gain out to-100 MHz (depending on gain option 


“and ioading). 
- There. are a number of ways to implement the peak ica 


detector function. However, the simplest and most widely 
used method is a passive differentiator that generates ‘‘zero- ‘ 
crossings’’ for each of the data peaks in the Read signal. , 

The actual circuitry used to differentiate the Read sig- 
nal varies froma differential LC type in-disc systems to a. 
Either type, 
of course, attenuates the signal by an amount depending 
on the circuit used and system specifications. A good 
approximation of attenuation using the RC type is 20 dB. 
Thus, the 2 V signal going into the differentiator is reduced 
to 200 mV. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. In most cases detection of the zero- 
crossings is combined with the limiter. These functions 
serve to generate a TTL compatible pulse waveform with. . 
“edges” corresponding to zero-crossings. For low transfer 
rates, the circuit often used consists.of an. operational 
amplifier with series or shunt limiting. For higher transfer: 
rates (greater than 100K B/S) comparators are used. 

The method-described above is often. modified to in- 
clude threshold sensing. In Figure 28, the function called 


- “doubie-ended, limit-detector’’ enabies the output NAND 


gate when either the negative or positive data peaks of the. 


Read signal exceed a predetermined threshold. This func-. 


tion can be implemented in either of two ways. One 
method: first rectifies the signal before it is applied to a 


; comparator with a set threshold. The other method utilizes 
i two ‘comparators, one comparator for positive-going peaks 
and the other for negative- going peaks. These comparator 


outputs are then combined in the output logic gates. 


MC1733, MC1733C 


APPLICATIONS INFORMATION (continued): 


FIGURE 28 — READ CIRCUIT (METHOD 2) 


_ Zero 
Crossing © 
Detector 


Another common technique is shown in Figure 29. 
The branch labeled rectifiers, peak detector, etc., provides 
a clock transition of the D flip-flop that corresponds to 
the peak of both the positive and negative-going data 
peaks. This branch may include threshold circuitry prior to 
the peak detector. The detector in the lower path detects 
whether the signal peaks are positive or negative and feeds 
this data to the flip-flop. This detector can be implemented 
using a comparator with pre-set threshold. 


FIGURE 29 — READ CIRCUIT (METHOD 3) 
, t, Zero 
Rectifiers ees - nosins: 


The technique shown in Figure 30 uses separate cir- 
cuits with threshold provisions for both negative and 
positive peaks. The peak detectors and threshold detectors 


cy 


Amplifiers 
MC1733 


Output 


may be implemented with two comparators and two 
passive differentiators. 

Each of the methods shown offer certain intrinsic ad- 
vantages or disadvantages. The overall decision as to which 
method to use however often involves other important 
considerations. These could include cost and. system re- 
quirements or circuitry other than simply: the Read cir- 
cuitry. For instance, if cost is the predominate overall 
factor, then approach one may be the only feasible 
alternative. 

Method four was included as a design example because 
it illustrates several unique advantages. First, it uses 
threshold sensing to reduce noise peak errors. Second, it 
may be implemented using only integrated circuits. Third, 
it offers separate, direct threshold sensing for both pos- 
itive and negative peaks. 


FIGURE 30 — READ CIRCUIT (Method 4) 
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_ Peak 
Detector 


Positive 
Threshold 
Detector 


Amplifiers 
MC1733 


Output 


Negative 
Peak 


qc 
Detector 
Qa 
Negative 
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Do 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC3344L —40°C to +85°C Ceramic DIP 
—40°C to +85°C Plastic DIP 


_ MC3344P 


 . Ad@vance Information 


PROGRAMMABLE FREQUENCY SWITCH 
WITH ADJUSTABLE HYSTERESIS 


The MC3344 is a general purpose programmable frequency switch 
designed for use in systems where a !oad must be switched on or off 
at a predetermined frequency. Switch frequency is determined by 
an external resistor (Rj) and capacitor (CR). Hysteresis is adjustable 
and determined by an external resistor (Ry). 

Isolated Driver Transistor 

Complementary Outputs 

Adjustable Hysteresis 


Wide Supply Operating Range (7 to 24 Volts) 


Wide Input Frequency Range (10 Hz to 100 kHz) 


Internal Regulator 


Ideal. for Automotive and Industrial Applications 
FIGURE 1 — CIRCUIT BLOCK DIAGRAM 


Voltage 
Regulator 
and Bias 


ee 
Integrator 


Ist 
Integrator 


Current 


Driven : 
A input Sense iz 


Output 


This is.advance information and specifications are subject to change without notice. 
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MC3344 


PROGRAMMABLE 
FREQUENCY SWITCH 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
. TO - 116 


P SUFFIX 


“PLASTIC PACKAGE 


CASE 646 


PIN CONNECTIONS 


'MC3344 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


[Rating Sd (Symbol | Vatoo | 

[Foner Suppy SSS oe 

[Peak input Current] hf dT mad 
[unetion Temperature i ty go 
[Operating Ambiont Temperature Range | Ta | 4010705 _| 

[Storeae Tempera Renee | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Voc = +15 Vdc unless otherwise specified) | 


. Supply Current 


Trigger Reset Voltage 
lin = 200 pA 
: lin = 600 pA 
Threshold Output Voltage 
_ VTcr = VCR/VReg 


Second Comparator Output 


D1 Leakage 
D2 Source 


.D1 Source 
D2 Leakage 


Output Driver Gain 
Ic =5.0mA : 
Output Driver Voltage Standoff 
tp =5.0mA ; 


integrator Transistor Gain. 
hee = Atc/Alg. 
_.1¢1 = 0.4 mA, Io2 = 0.6 mA 


‘ : ' . Test 1 
~ Characteristic Ckts Typ 


(Sy MOTOROLA Semiconductor Products Inc. 


S. etid 


MC3344 


. TEST CIRCUITS 


FIGURE 2 — SUPPLY CURRENT - FIGURE 3 — TRIGGER RESET VOLTAGE FIGURE 4 — REGULATOR 
OUTPUT VOLTAGE 


lin = 200 HA, Vor > 0.25 V 
‘jn = 600 BA, Vor < 0.25 V 


FIGURE 6 — HYSTERESIS SINK CURRENT 


FIGURE 7 — 1p11/Ip2s. Ip2t/ipis 


an 0.1 WF 


IpiL/'!pas — $1 in position 1 
Ip2_/!p1g — $1 In position 2 


Vcr = Vcr/V Reg 


FIGURE 10 — INTEGRATOR 
TRANSISTOR GAIN 


FIGURE 8 — OUTPUT DRIVER GAIN FIGURE 9 — BVcEG OF OUTPUT 


TRANSISTOR 


@) MOTOROLA Semiconductor Products inc. 
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'MC3344 


APPLICATIONS INFORMATION 


/ 


The voltage regulator and bias section provides the 
proper biasing and regulated supply voltage to the inte- 
grated circuit. 

A square wave, when applied to the RC differentiator, 
provides input current pulses to the IC. The input circuit 
discharges and clamps, for a predetermined time, the volt- 
age across capacitor Cr. This establishes the initial ramp 
voltage (Vsat) and allows initiation of a new voltage ramp 
after each positive transistion of the input waveform. 

The voltage, Vcr, ramps from Vsat to the final value, 
V Reg: charging through Rr. 

if Vor is never allowed to reach Vpo¢ due to quick 


reset pulses, the second integrator amplifier will not be — 


activated, and capacitor Cap is allowed to charge through 
the 12 kQ2 resistor until Vc, is greater than Vpez. At 
this point, D1 will switch.ON and D2 will switch OFF. By 
connecting either D1 or D2 to the D3 drive pin, the out- 
put drive transister may be either switched ON or OFF at 
the switch point. 

If VcR is allowed to ramp above Vez before being 
reset, the second integrator amplifier is driven ON which 
discharges and resets capacitor Cag keeping, Vca low 
with respect to V poz. 

Vca will always be low with respect to VReg if the 


time from reset Cp to VoR = VRef is less than the time 


from reset Cap to VCA = V Ref- 

Resistor Ry provides hysteresis around the switch 
point (i.e., frequency to switch the output. driver ON, 
when connected to the D1 terminal, is higher than the 
frequency required to switch the output driver OFF). If 
no hysteresis is desired then the Ry resistor should be 
omitted and pin 12 grounded. 


Circuit Equations: 


The first integrator time constant is . 
T1= Ry Il Ra Cr. If Ryy is omitted then 
11 = Rr Cp. 


The second integrator time constant is 
T2 = (12 k) (hee) (Cag). 
- 1 


nl = Switch Point areqnency = 739RR CR 


#2 = Hysteresis Switch Point frequency ~ 
1 


: Ry | 
My RH SR ln Fe Ry - 0.75 Rp 


FIGURE 11 — TYPICAL APPLICATION 


#1 = 77 Hz 
f2 ~ 65 Hz 


®) MOTOROLA Semiconductor Products inc. 
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MC3344 


FIGURE 12 — CIRCUIT SCHEMATIC 


THERMAL INFORMATION ; 

operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 


The maximum power consumption an integrated circuit 
can tolerate at.a given operating ambient temperature, can 
be found from the equation: ; 


Ty(max) - Ta Ty(max) = Maximum Operating Junction Temperature 


as listed in the Maximum Ratings Section 


PD(Ta) = = 
TA)” ReaaTypl ve 
TA = Maximum Desired Operating Ambient Temperature 
; Reg = Typical Th | Resist Junction t 
Where: Pp(T,) = Power Dissipation allowable at a given QJAITYP) ylieae cet an re We : 


®) MOTOROLA Semiconductor Products Inc. 
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ORDERING INFORMATION 


Device Temperature Range Package 
MC3370P ~—10°C to +75°C Plastic DIP 


ZERO VOLTAGE SWITCH 


ZERO VOLTAGE SWITCH 


SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 


. .. designed for use in ac power switching applications with output 
drive capable of triggering triacs. Other operational features. include; 
(1) a built-in voltage regulator that allows direct ac line operation, 
(2) a differential input with dual sensor inputs capable of testing the 
condition of two external sensors and controlling the gate pulse to a 
triac accordingly; (hysteresis or proportional control to this section 
may be added if desired) (3) sensor input ‘open and short’ pro- 
tection; this insures that the triac will never be turned ‘‘on’’ if either 
of the inputs are shorted or opened (4) a zero crossing detector 
that synchronizes the triac gate pulses with the zero crossing of the 
ac line voltage. This’ eliminates radio frequency interference (RFI) 
when used with resistive loads. 


Heater Controls @ Valve Control 
Photo Controls @ On-Off Power Controls ; P SUFFIX 

? PLASTIC PACKAGE 
Threshold Detector @ Relay Driver nie taed: 
Lamp Driver ® Flasher Control 
Formerly MFC8070 in Case 644A Package 


FIGURE 1 — CIRCUIT SCHEMATIC 


Ground 


Collector 


Reference 


Input 
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MC3370 | | . . 


FIGURE 2 — OUTPUT PULSE DEFINITION 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


Peak Supply Current ; + AC Line 


Power Dissipation © Output 
Derate above Tg = +25°C . Pulse 


120 V(RMS) 60 Hz ive 


2w ; 
: has ‘i 
{ 
po 5-54 Dik Pulse Threshold Voltage 
38 6337 0P (Sw 1: A or B) 
Output Pulse Width 
VTHP 


71 ; (Sw 1: A or B, See Figure 2) 


Output Current With Input Short 
(Sw 1: B; Sw 2: A) 
(Sw 1: A; Sw 2: B) 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 

of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
_ compiete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 

necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


(AA) MOTOROLA Semiconductor Products Inc. 
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§ Vie 


o——. 


TEST CIRCUIT AND TYPICAL CHARACTERISTICS 


FIGURE 3 — CIRCUIT WITH INCREASED PULSE 
WIDTH AND TRIAC DRIVER TO CONTROL 
HIGH-CURRENT SCR’s 3 


1N4001 
of equiv 


© 
1N6073A 
or equiv 


2N6173 
or equiv 


1N4001 
or equiv 


LOAD 
(UP TO 50 A) 


120.v(RMS) “7 


60 Hz 


7A, 7B, OUTPUT PULSE WIDTH (us) 


500 


FIGURE 4 — OUTPUT PULSE WIDTH 
versus SOURCE RESISTANCE 
(See Figure 6.) 


Rs, PROGRAM RESISTOR ( <ILOHMS) 


TYPICAL ZERO VOLTAGE SWITCH APPLICATIONS FOR TRIAC CONTROL 


FIGURE 5 — TRIAC CONTROL CIRCUIT 


m iS MC3370P 
R2 * 
6 o3 
t 


R1 or R2 isan external sensor 
Basic triac trigger circuit Utilizing the zero crossing «letector 
anil the input comparator to control triacs with gate current 
requirements to 500 mA. 


FIGURE 6 — TRIAC CONTROL CIRCUIT 
WITH CURRENT BOOST UTILIZING 
DC SUPPLY 


5% 4 


ie ms MC3370P 
DC O 0P}o 
SUPPLY Ls AS AC 


Rs 


R1 or R2 isan external sensor 
Basic de trigger application using the input comparator 
Ne to control a PNP capable of furnishing gate drive of 
approximately 0.5 A. . ; 
Suggested circuit to vary output pulse width by value 
ot Rg (See Figure 4). 


R2 must be the external sensor for the internal short and open protection to be operative. 


FIGURE 7 — TRIAC CONTROL CIRCUIT WITH CURRENT BOOST UTILIZING AC SUPPLY 


a: TRIAC 
see 
' Tabie 
MC3370 < 
1b 0.1 pF 


Pp 
60 Hz 
ie 
5 k/4W for 120 Vac 
(10 k/8W for 230 Vac} 


Zero crossing triac control circuit for gate current 
requirements ta 100 mA. 


120 V(RMS) 


Recommended Motorola triacs for use in circuit. © 


2N6151/2N6153 90 (Plastic) 
N6346A/2N6349A | 221-024 (Plastic) 
2N6139/2N6144 86, 250 


174, 175, 
235 


2N6157/2N6165 


; (AA) MOTOROLA Semiconductor Products Inc. 


~ 


8-116 


-_MC3370 


PIN COMPARISON OF MC3370P AND GEL300F1 (PA424/CA3059) 


VEE Input 


— 
Output Input 


R 


Reference 


| 
Reference Eo) 
ae Collector 


Ground Collector 


‘GEL300F 1/CA3059 . . : MC3370 


(AA) MOTOROLA Semiconductor Products Inc. 


8-117 


M3405 
MC3505 


 Adwance Information . 


DUAL 
OPERATIONAL AMPLIFIER 
AND 


DUAL OPERATIONAL AMPLIFIER AND DUAL VOTAGE COMPARATOR 


DUAL COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3405/3505 contains two differential-input operational 
amplifiers and two comparators, each set capable of single supply 
operation. This operational amplifier-comparator circuit, better 

. Known as the “‘Operator’’ will find its applications as a general pur- 
pose product for. automotive circuits and as an industrial building 
block. 

The MC3405 is specified over the commercial operating tempera- 
ture rdnge of 0 to +70°C while the MC3505 is specified over the 
military operating range of -55 to +125°C. 


© Operational Amplifiers Equivalent in Performance to MC3403 
@ Comparators Similar in Performance to MLM339 


Operational Amplifiers are Internally Frequency Compensated L SUFFIX 


CERAMIC PACKAGE 
CASE 632 
TO-116 


Supply Operation — 3.0 Volts to 36 Volts 


7 Dual Supply Operation also Available 


“1 (top view) 


PIN CONNECTIONS 


Out 4 


Inputs 1 Inputs 4 


P SUFFIX . 
PLASTIC PACKAGE 
CASE 646 © 


: ORDERING INFORMATION 
: 


This is advance information and specifications are subject to change without notice. 
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°"9u] SZJONPOAG 40}; 9NPuo 


S VIOCHOLOW Ww) 


DItusD 


Operational Amplifier Side 


CIRCUIT SCHEMATIC 
(1/2 OF CIRCUIT SHOWN) 


Common to Op Amp 
and Comparator 


Comparator Side 


GOGEDIN ‘GOED 


MC3405, MC3505 GBS 


OPERATIONAL AMPLIFIER SECTION 


MAXIMUM RATINGS 


Power Supply Voltage Vcc 36 
Vec +18 ; 
‘ VEE -18 : F 
Vion 


a 
= 
o 


Input Common Mode Voltage Range j VICR ‘ Vde 


Operating Ambient Temperature Range — MC3505 - ~55 to +125 
MC3405 0 to +70 
-65 to +150 °° 
-55 to +125 


Storage Temperature Range — Ceramic Package ; 

: Plastic Package 

Operating Junction Temperature Range — Ceramic Package 
Plastic Package , 


Thermal Resistance, Junction to Ambient ReJa 


z| 5! 
3 > 
—_ a 
gn 
on 


4 
eq 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = 25°C, unless otherwise noted.) 


| 
Input Offset. Voltage Vv 
(Ta = Tow to Thigh) (1) ed eae 
mai 
Offset Voltage ; 
Input Offset Current | 
aes 


50 nA 
200 


Input Bias Current 500° 500 nA 
(Ta = Tlow to Thigh)(1) 1500 800 


Large Signal Open Loop Voltage Gain 
(Vo = +10 V, RL, = 2.0 kQ) 
(TA = Tlow to Thigh)(1) 


Power Supply Current (2) 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Output Voltage 
(RL = 10 k&) 

_ (RL = 2.0 k) 
(RL = 2.0 k&, Ta = Tow to Thigh) (1) 


| Input Common Mode Voltage Range 


Output Short-Circuit Current 
Phase Margin ; 


Small-Signal Bandwidth ; 

(Ay = 1, RL = 10 k2, Vo = 50 mV 

Power Bandwidth 
(Ay = 1, RL = 2.0 kQ, Vg= 20 V (p-p), 
THD = 5%) a 


Fall Time : 


Overshoot © 4 5 
(Ay = 1,-RL = 10 k&, Vo = 50 mV) 


[Bewree SCS 


+13 -VE 


Mt 
= 
°o 
m 


(continued) 


@) MOTOROLA Semiconductor Products inc. 
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MC3405, MC3505 


OPERATIONAL AMPLIFIER SECTION (continued) 


ELECTRICAL CHARACTERISTICS (continued) 
(Voc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


Symbol 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 


Large-Signal Open-Loop Voltage Gain 
(Ry = 2.0 kQ) 


Power Supply Rejection Ratio 


Output Voltage Range (3) 
(Ru = 10kQ, Veco = 5.0 V) - 
(RL = 10 kQ, 5.0 V < V¢c < 30 V) 


_Power Supply Current(4) 


Channel Separation : 
f =1.0 kHz to 20 kHz (Input Referenced) 


(1) Tow = ~55°C for MC3505 Thigh = +125°C for MC3505 
= 0°C for MC3405 = +70°C for MC3405 


(2) For Operational Amplifier and Comparator 
(3) Qutput will swing to ground. 7 


(4) Not to exceed miximum package power dissipation. 


@®) MOTOROLA Semiconductor Products inc. 
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MC3405, MC3505 


COMPARATOR SECTION 


\ 


MAXIMUM RATINGS . 

CR Sit] [one] 
[Power Supply Vohage——SSSSCSCSCSC~C~“‘“*~‘“*~*~‘“‘“‘“‘“‘“‘~«~SC~SS*dC 8 CdCC eid 
Sink Curren | 20 


Operating Ambient Temperature Range — MC3503 TA -55 to +125 °C 
MC3405 0 to +70 
Storage Temperature Range — Ceramic Package T. °C 
Plastic Package 


Operating Junction Temperature Range — Ceramic Package 
: Plastic Package 


Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


ocean tmalt 5  | kal 
Input Offset Voltage \aTe) 
(Ta = Tow to Thigh) (1), (3) 


< 
ao] 


Average Temperature Coefficient of Input AViQ/4T 
Offset Voltage 
Input Offset Current 

(Ta = Tlow to Thig 
Input Bias Current 


(Ta*= Ttow to Thigh) (1) os 


1 


Large-Signal Open Loop Voltage Gain AVOL 
(Ry = 18 kQ) 


Input Common Made Voltage Range VICR 
(TA = Tow to Thigh) (1) 
Input Differential Voltage Vip 
(All Vin = O Vde) ec 
Sink Current 
(Vin (-) = 1.0 Vdc, Vin (+) = 0, 
Vo < 1.5 V) 
Saturation Voltage 
(Vin (-) = 1.0 Vde, Vin (+) = 0, 
Isink < 4.0 mAdc) 
(Ta =. Tow to Thigh) (1) 
Output Leakage Current 
(Vin (+) = 1.0 Vdc, Vin (-) = 0, 
Vo = 5.0 Vdc) 
(Ta = Tlow to Thigh) (1) 


Response Time {2) : 

Low Level Output Voltage VoL 
(Vin (+) =0 V, Vin (-) = 1.0 V, 
lsink = 4.0 mA) 

(Ta = Tlow to Thigh) (1) 


Vec-1.5 |Vcc- 1. 
Vcc-1.7 |Vec - 2.0 


5 


Vsat 


o 
° 


_ 


: 1 
ry ° 


(1) Tow = -55°C for MC3505 Thigh = +125°C for MC3505 
= 0°C for MC3405 > = 470°C for MC3405 


(2) The response time specified is for a 100 mV input step with 5.0 mV:overdrive. For iarger signals 300 ns is typical. 
(3) Vo = 1.4 V, Rg = 0 & with V+ from 5.0 Vde to 30 Vdc, and over the input common mode range 0 to V+ -1.7 V. 
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| Advance Information 
: ; : "OVERVOLTAGE 
SENSING CIRCUIT 


OVERVOLTAGE “CROWBAR” SENSING CIRCUIT 


SILICON MONOLITHIC 


: ; INTEGRATED CIRCUIT 
These overvoltage protection circuits (OVP) protect sensitive elec-. 


tronic circuitry from overvoitage transients or regulator. failures 
when used in conjunction with an external “‘crowbar’’ SCR. They 
sense the overvoltage condition and quickly “crowbar” or short — 
circuit the supply, forcing the supply into current limiting or open- 
ing the fuse or circuit breaker, 

The protection voltage threshold is adjustable and the MC3423/ 
3523.can be programmed for minimum duration of overvoltage 
condition before tripping, thus supplying noise-immunity. 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 oe 


U SUFFIX 


CERAMIC PACKAGE 
CASE 693 


e 


PIN CONNECTIONS 


MAXIMUM RATINGS 


Remote Activation input Voltage Vde 
FOuput Curent SST ty ~~? 800+ soma 


Operating Ambient Temperature Range Ta f : °c 
MC3423 . 0 to +70 
MC3523 : -55 to +125 

Operating Junction Temperature. Range Ty °c 

. Plastic Package . . 150 
Ceramic Package 178 


indicator 
Output 


Current Remote 


“TYPICAL APPLICATION Source : Activation 


_ Current 
Limited rh 
0.V.P 


ORDERING INFORMATION 


_| DEVICE | TEMPERATURE RANGE| PACKAGE | 
peoaar| eevee [reo 


MC3523/3423 


NOTE: A 2N6504 or equivalent is suggested for Q1, 


This is advance information and specifications are subject to change without notice. 
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‘ 


ELECTRICAL CHARACTERISTICS (Vcc — Vee = 5.0 V, Tiow < Ty < Thigh unless otherwise noted.) 


Symbol 
Vcc . 


Supply Voltage Range 


Output Voltage : 


Indication Output Current 
(Vou = 0.4 Vv) 


Reference Voltage Vref 
{Ta = 25°C) : . 
Temperature Coefficient of Reference Voltage TCV reg 


Remote Activation Input Current 
(Vip = 2.0 V) 


3 Propagation Delay 
; “(Ty = 28°C) 
Supply Current 


Tlow = +55 C for MC3523 Thigh = +125°C for MC3523 and MC3423 
= 0°C for MC3423 


\\ 


FIGURE 1 — BLOCK DIAGRAM , 


Current 


30Vsense 2 50 60 Indicator 
Remote Output 
Activation 


4 


FIGURE 2A '~ BASIC CIRCUIT CONFIGURATION 
for Vref < Vtrip < 36 V 


(+ Sense ; Ri. ont 
Lead) Vtrip = Vref (1+55) =2.6V (1455) 
R2.< 10 k&2 for minimum drift 


For minimum value of Rg, see Figure § 


Supply | ra] MC3523 


Q1.is 2N6504 or equivalent 
*See text for explanation 
a Note 1: If Vipip is below 4.5 V, 
. the MC3423/3523 should be powered 
. (via Pin 1) from an external 
({— Sense Lead) ome 4.5 V to 36 V supply, 


Vantemteteententententententented 
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FIGURE 2B — CIRCUIT CONFIGURATION FOR SUPPLY 
VOLTAGE ABOVE 36 V 


Power 
Supply 


APPLICATIONS INFORMATION 


Basic Circuit Configuration 


The basic circuit configuration of the MC3423/3523 
‘OVP is shown in Figure 2A for trip voltages from 2.5 V 
to 36 V, and in Figure 2B for trip voltages above 36 V.. 
In this circuit, the voltage sensing inputs of both internal 
amplifiers are tied together for sensing the overvoltage 
condition. The shortest possible propagation delay is 


‘obtained with this configuration. The threshold or trip - 


voltage at which the MC3423/3523 will trigger and 
supply gate drive to the crowbar SCR, Q1, is determined 
by the selection of R1 and R2. Their values can be deter- 
mined by the equation given in Figures 2A and 2B, or by 
the graph shown in Figure 4. The minimum value of the 
gate current limiting resistor, RG, is given in Figure 5. 
Using this value of RG, the SCR, Q1, will receive the 
greatest gate current possible without damaging the 
MC3423/3523. If lower output currents are required, 
RG can be increased in value. The switch, S1, shown in 
Figure 2A may be used to reset the SCR crowbar. Other- 
wise, the power supply, across which the SCR is con- 
nected, must be shut down to reset the crowbar. If a non 
current-limited supply is used, a fuse or circuit breaker, 
F1, should be used to protect the SCR and/or the load. 


Configuration for Programmable Minimum 
Duration of Overvoltage Condition Before Tripping 


In many instances, the MC3423/3523 OVP will be 


used in a noise environment. To prevent false tripping of | 


the OVP circuit by noise which would not normally harm 
the load, MC3423/3523 has a programmable delay 
feature. To implement this feature, the circuit configura- 
tion of Figure 3 is used. In this configuration, a capaci- 
tor is connected from Pin 3 to.VEE. The value of this 
capacitor determines the minimum duration of the over- 
voltage condition which is necessary to trip the OVP. 


—10 


Vv 
Rg = (S$) kQ 


Verip = Veet (14s) © 2.6 V (1455) 
*R2< 10 kQ 


Q1: Vg < 100 V; 2N6505 or equivalent 
Vg < 200 V; 2N6506 or equivalent 
Vg < 400 V; 2N6507 or equivalent 
Vg < 600 V; 2N6508 or equivalent 
Vs < 800 V; 2N6509 or equivalent 


FIGURE 3 — BASIC CONFIGURATION FOR 
PROGRAMMABLE DURATION OF OVERVOL TAGE 
CONDITION BEFORE TRIP 


+Vcc 


Jv 


0 ° . | 
Indication 2N6504' or 


equivalent 


Power 
Supply 


Vref 


= x 


Isou rce 


C © [1.2x103] C (See Figure 6) 
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The value of C can be found from Figure 6. The circuit 
operates in the following manner: When V¢c rises above 
the trip point set by R1 and R2, an internal current 
‘source begins charging the capacitor, C, connected to Pin 
3. if the overvoltage condition remains present jong 
enough for the capacitor voltage, Vc, to reach Vref, the 
output is activated. If the overvoltage. condition dis- 
appears before this occurs, the capacitor is discharged at 
a rate = 10 times faster than the charging rate, resetting 
the timing feature until the next overvoltage condition 
occurs. 


Additional Features 
1. Activation Indication Output 


An additional output for use as an indicator of OVP 
activation is provided by the MC3423/3523. This out- 
put is an open collector transistor which saturates 
when the OVP is activated. It will remain in a satu- 
rated state until the SCR crowbar pulls the supply 
voltage, Vcc, below 4.5 V as in Figure 3. This output 


FIGURE 4 — R1 versus TRIP VOLTAGE 


R1, RESISTANCE (OHMS) 


Vz, TRIP VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


can be used to clock an edge triggered flip-flop whose 

output inhibits or shuts down the power supply when 

the OVP trips. This reduces or eliminates the heat- 
- sinking requirements for the crowbar SCR. 


2. Remote Activation Input 


._ Another feature of the MC3423/3523 is its remote 
activation input, Pin 5. If the voltage on this CMOS/ 
TTL compatible input is held below 0.7 V, the 
MC3423/3523 operates normally. However, if it is 
raised to a voltage above 2.0 V, the OVP output is 
activated independent of whether or not an over- 
voltage. condition is present. This feature can be used 
to accomplish an orderly and sequenced shutdown of 
system power supplies during a system fault condi- 
tion: In addition, the activation indication output of 
one MC3423/3523 can be used to activate another 
MC3423/3523 if a single transistor inverter is used to 
interface the former's indication output to the latter's 
remote activation input: 


FIGURE 5 — MINIMUM Rg versus SUPPLY VOLTAGE 


G 10 20 30 40 §0 . 60 70 80 
Rg, GATE CURRENT LIMITING RESISTOR (OHMS) 


FIGURE 6 — CAPACITANCE versus 
MINIMUM OVERVOLTAGE DURATION 


C, CAPACITANCE (uF) 


= 


tg. DELAY TIME (ms) ~ 
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Advance Information 


GROUND FAULT INTERRUPTER SUBSYSTEM 
(Latching) 


The MC3426 is designed to provide ground fault and grounded 
neutral protection for 120 Vac, 15 and 20 ampere lines. 


@ Minimum number of external components 
@ includes full wave bridge 


@ Designed for use with inexpensive ferrite cores or low perme- 
ability differential transfers 


@ Will operate properly if “hot’’ and neutral input wires are reversed 


@ Designed to be used in systems meeting UL943 specifications for 
Class A Ground Fault Circuit interrupters 


- @ Trips at a minimum leakage current of 5 mA +1 mA over a tem- 
perature range of -40°C to +70°C and line voltage variations 
from 102 V to 132 V. Also trips for a neutral grounding resistance . 
less than 2 Q. 


@ Trip times are in accordance with UL curve 


@ High noise immunity and resistance to false tripping 


FIGURE 1 — TYPICAL TRIP CURRENT THRESHOLD 
versus TEMPERATURE 


TRIP CURRENT (mA) 


T, TEMPERATURE (°C) 


This is advance information and specifications are subject to change without notice. 
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GROUND FAULT 
INTERRUPTER SUBSYSTEM 


MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


PIN CONNECTIONS 


This component is solid without patent indem- 
nity and any infringement resulting from use or 
resaie thereof shall be the soleresponsibility of 
purchaser and shall not-be the responsibility of 


manufacturer or distributor even though such: 
use is in accordance with manufacturer's 
recommendations. . 


ORDERING INFORMATION 


MC3426L ~40 to+70°C [Ceramic DIP 


MC3426 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Current through pins 9 and 10 
(Ta = 70°C) 


Thermal Resistance, Junction to Air 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbot [Min | Wp [Mex [Unit 


OPERATIONAL AMPLIFIER SECTION 


Large Signa! Open Loop Voltage Gain 


Power Supply Current 
(Vo set to 25 V, Latch OFF, 2.7 MQ 


from pin 2 to pin 5, Note 4) 


Power Supply Current 
(Vo Set to 25 V, Latch ON, pin 14 
tied to pin 13, Note 6) 


Power Supply Rejection Ratio 
REGULATOR/BRIDGE SECTION 


. Power Supply Output Voltage - Vo 27.5 Vv 
(Note 1) , 


LATCH/TRIGGER SECTION 


Output Drive Current 


@ V14 = 1.0 V (Tp = -40°C, Note 3) 


DEFINITION OF TERMS 

Note: 
1. POWER SUPPLY OUTPUT VOLTAGE ~— Vo 3.. OUTPUT DRIVE CURRENT — 144(Lon) 

This is the voltage between pins 13 and 8 that is set This is the current sourced from pin 14 with the latch 
up by the zener string with the latch turned off and a on and the gate resistor (RGate, 1 k&2) connected (pin 11 

_ current of 17.mAdc (approximately the maximum peak shorted to pin 14). 

current from the ac line with a 10 kQ 5% dropping : ; 
resistor) is flowing between the pins... - ‘ 4. POWER SUPPLY CURRENT, LATCH OFF — Ip 


This is. the power supply: drain’ current of the 
2. MIDPOINT VOLTAGE — Vid operational amplifier section with the latch turned off, a 
This is the voltage at the midpoint of the zener 2.7 MQ resistor between pins 2 and 5, and Vo set to 25 
string—between pins 12 and 8—with 17 mAdc flowing 
and the latch turned off. 
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V so that no current goes through the zener string. Ip 
max assures proper quiescent operation of the 


operational amplifier. 


5. OUTPUT QUIESCENT VOLTAGE — Vg 


This is the quiescent output voltage of the operational 
amplifier with a 2.7 MQ resistor between pins 2 and 5. 
The Vg — Vmid specification assures proper trip 
threshold with specified Vjo and I\B. 


6. POWER SUPPLY CURRENT, LATCH ON — Ip(Lon) 


This is the power supply drain current of the 
operational amplifier section and the latch section with 
the latch turned on, Vo set to 25 V, pin 14 tied to pin 
13, RGate not connected, and the ac line polarity such 
that the SCR cannot fire. !p(Lon) max assures the latch 
remaining latched before the SCR fires. 


7. LATCH TRIGGER VOLTAGE — Velbon) 


This is the threshold voltage between pins 6 and 8 at 
which the latch turns on and pin 14 begins sourcing 
current. 


i 


8. LATCH TRIGGER CURRENT — Iy(Lon) . 


This is the threshold current through resistor R11 (5 
kQ) at which the latch turns on and pin .14 begins 
sourcing current. 


9. OUTPUT DRIVE VOLTAGE, LATCH OFF — 


V14(Lo¢#) 

This is the voltage between pins 14 and 10 with the 
latch off, RGate connected (pin 11 shorted to pin 14), 
and 17 mAdc flowing between pins 9 and 10. V14(Lo¢¢) 
max assures that the SCR will not be turned on when 
the latch is off. , 


10. POWER SUPPLY VOLTAGE TO TURN OFF 
LATCH — Vo(Lo¢#) 


This is the voltage to which pin 13 must be dropped 
after the latch has been turned on to turn the latch off 


and cause pin 14 to stop sourcing current. 


CIRCUIT SCHEMATIC 


R7 
7.3k 
a27 
200 Caen k Q17 ix 


Q31 
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FIGURE 2 — BLOCK DIAGRAM 
(External Components within dotted lines) 


| Breaker 
jCoil 


Neutral ground detection not shown. 


CIRCUIT OPERATION 


Circuit operation is best understood by referring to 
the complete block diagram in Figure 2. 


Power Supply 

The circuit is powered from the ac line through the 
breaker coil and R1 (an external 10 k ohm dropping 
resistor} to pins 9 and 10, which are connected to the 
internal full wave bridge rectifier. Four on-chip zeners 
clamp the de output voltage between pins 13 and 8 to 
about 30 V, and an external capacitor (C1) filters this 
voltage. During normal quiescent operation less than 10 


mA is drawn through the breaker .coil, which is not 
enough to energize it. 


Operational Amplifier Biasing 
The operational amplifier has two feedback paths, 
depending on whether its output is more positive or | 
more negative than its inputs. The de gain is relatively 
small, less than 15 when the output swings up and about 
1.5 when the output swings down. The non-inverting 
input to the op amp is tied to the midpoint of the zener 
string through a 120 k ohm resistor, and therefore the 


® MOTOROLA Semiconductor Products inc. 


MC3426 


quiescent output voltage of the op amp is approximately 
‘that voltage, about 15 volts. A 200 k ohm internal 
resistor between the inputs provides a path for bias 
current from the inverting input terminal and helps set 
the dc feedback. It also provides a discharge path for C2 
after high level faults to make reset quicker. , 


Fault Sensing and Breaker Tripping 

If a ground fault occurs, the imbalance of current in 
the two ac primary wires of L2 will generate a signal in 
the secondary. This signal is ac coupled through an 
external 22 uF capacitor (C2) to the inputs of the op 


amp. An: external 0.1 uF capacitor (C3) acts as an- 


integrating capacitor; it charges up slightly more each 
time that the signal causes the op amp to swing positive 
(i.e., every other half cycle of the ac line). When the 
signal polarity reverses and the op amp swings down, the 
only discharge path for C3 is through the external set 
resistor (R2). With a 5 mA ground fault it takes about 2 
seconds for C3 to integrate up so that the positive swings 
of the op amp become larger and larger until they reach 
a “steady state’’ value of about 7 V above the quiescent 
output voltage of the op amp and increase no further. 
This is just the threshold voltage of the Jatch, which 
turns it on and-causes pin 14 to be pulled toward the 
positive supply voltage and turns on the SCR. When the 
SCR is turned on, enough current is drawn through the 
breaker coil to energize it and cause the breaker to 
disconnect power from the load side of the ac line. (The 
breaker is a mechanically latching type and it must be 
-mechanically reset to reapply power to the load side of 
the ac line.) 

The purpose of the feedback on negative swings of 
the output of the op amp is to equalize positive and 
negative ‘swings so that coupling capacitor C2 does not 
charge up and drive the output one way or the other. 

If the line side black and white wires to the GFI 
system are reversed such that the black is now the 
neutral and the white is now the hot wire, the result is 


that the signal at the output of. the op amp is not the | 


correct phase to fire the SCR since the SCR is a 
half-wave device.connected across the line. However, the 
latch takes care of this problem by turning on and 
staying on until the SCR can fire during the next 
half-cycle of the ac line. 


High Faults 

The purpose of the 120 k ohm internal resistor 
between pins 12 and 1 is to reduce the trip time at 
higher fault currents. As the fauit current increases, the 
voltage drop across this resistor increases and since the 
output of the op amp follows the voltage at the 
non-inverting input this means that C3 will integrate less 
and therefore the trip time will be faster. 

The on-chip protection diodes across the sense coil 
serve two purposes, but only during extremely high fault 
currents. First, they. prevent C2 from charging to.a large 
voltage during this condition which would make the 
reset or the return to quiescent operation slow. Second, 
they prevent excessive voltage from ‘‘zenering’’ or 
otherwise damaging junctions on the circuit. 


Use of Ferrites or Low-Permeability Torroids 

The sense coil in this circuit is looking into a 
relatively low impedance (i.e., the impedance between 
the two inputs to the op amp), which is the feedback 
resistance divided by the open loop gain of the op amp 
(an impedance of a few hundred ohms) in series with a 


22 wF capacitor and a 200 ohm resistor. As tong as this 


loading resistance is low compared to the secondary 


‘reactance of the torroid, the transformer acts as a 


current transformer and the output remains constant 
with changes in core permeability. Therefore, ferrite 
cores or other low permeability cores may be used as 
long as these conditions are met. The purpose of the 200 
ohm on-chip resistor is to counteract the tendency for 
the circuit to become more sensitive at low temperatures 
with ferrite cores due to the reduction in secondary 
inductance with the reduction in core permeability. 


Noise, DV/DT, and Transient Protection 

External 0.001 uF capacitors C6, C7, and C8 have 
been added to increase the circuit’s resistance to false 
tripping due to noise spikes. The internal 1 k ohm 
resistor from gate to anode and the external 0.005 uF 
capacitor C5 from anode to cathode of the SCR reduce 
the SCR’s sensitivity to DV/DT turn on. The purpose of 
the MOV (metal oxide varistor) is to absorb energy from 
very high voltage line transients to prevent damage to 
the IC or SCR. 


.Latching Characteristics (Auxiliary Switch Requirements) 


Note that this device requires a third pole or auxiliary 
contact on the breaker when used in a wall socket 
application. This is because the latch remains latched 
when. the circuit is tripped and would continue to 
energize the breaker coil. Note also that a single contact 
breaker may be used in circuit breaker applications when 
line side “‘hot’’ and when neutral wires cannot be 
reversed. 


Grounded Neutral Detection Methods 

Figures 3 and 4 are schematics for wall socket 
applications showing the different methods of grounded 
neutral detection. 

Figure 3 is the 60 Hz method; the high-~ core is 
connected across the line and acts as a 60 Hz source for 
both black and white wires. If the neutral is grounded 
(load white essentially connected to line white, or if line 
wires are reversed and load black essentially connected 
to line black) this 60 Hz signal is coupled to the 1000 
turn sense coil and the-circuit trips just as it does with a 
ground fault. 

Figure 4 js the external oscillator. method of 
grounded neutral detection. A 2 to 4 kHz signal is fed 
into the left ferrite coil and this signal is sourced for 
both the black and white wires. If the neutral . is 
grounded this signal is coupled to the 1000 turn sense 
coil and the circuit trips just. as with the previous 
method except that the signal is now the 2 to 4 kHz 
supplied by the external oscillator. | , 
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FIGURE 3 — GROUNDED NEUTRAL DETECTION USING A 60 Hz TRANSFORMER 


> © 


Ferrite 
Core 
(1000 Turns) 


Ferronics 
11-260 
8B Materiat 
or Equivalent 


Breaker 


0.1 uF + 20% 


MC3426 


0.001 uF 


\ 
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FIGURE 4 — GROUNDED NEUTRAL DETECTION USING AN EXTERNAL OSCILLATOR - 


120 Vac 


Ferrite 
Core 


12 to 4 kHz 
Osciliators 


0.001 LF 


» | 


Ferrite 
Core 
{1000 Turns) 


Ferronics 
11-260 

B Material 

or Equivalent 


0.001 WF 


THERMAL INFORMATION 


The. maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 


TJ(max) - TA 


Poita) = 
DITA) Ra JA (Typ) 


Where: Pp(T,a) = Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 


voltages and supply currents at the worst-case oper- 
ating condition. 


TJ(max) = Maximum Operating Junction — 
Temperature as listed in. the 
Maximum ratings Section ; 
Ta = Maximum Desjred Operating Ambient 
Temperature 
Rg@JA(Typ) = Typical Thermal Resistance 
Junction to Ambient 
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ORDERING INFORMATION 


Temperature 
Device _ Alternate Range Package 
MC3456L —_ 0°C to +70°C Ceramic DIP 
MC3456P NE556A 0°c to +70°C Plastic DIP 
‘—58°C to +125°C 


MC3556L —_ Ceramic DIP 


Specifications and Applications 


Information 


DUAL TIMING CIRCUIT 


The MC3556/MC3456 dual timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor per timer. For astable operation 
as an oscillator, the free running frequency and the duty cycle are 
both accurately controlled with two external resistors and one 
capacitor per timer. The circuit may be triggered and reset on falling 

_ waveforms, and the output structure can source or sink up to 200 mA 
or drive MTTL circuits. 

Direct Replacement for NE556/SE556 Timers 

Timing From Microseconds Through Hours 

Operates in Both Astable and Monostable. Modes: 

Adjustable Duty Cycle 

High Current Output Can Source or Sink 200 mA 

Output Can Drive MTTL 

Temperature Stability of 0.005% per °C 

Normally “On” or Normally “Off” Output 

Dual Version of the Popular MC1555/MC1455 Timer 


FIGURE 1 — 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


4.0 A(RMS} 


117 VAC 60 Hz 


It 

O Oo 
1/2MC3556 

O 1/2MC3456 


t=1.1;R,C= 225 

Time delay (t) is variable 
by changing R and C. (See 
Figure 16.) 


1N4004 
or Equiv, 


1N5347 
or Equiv. 


FIGURE 2 — BLOCK DIAGRAM (1/2 SHOWN) 


Threshold o 


Discharge 
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MC3556 


DUAL 
TIMING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
TO-116 


Discharge Al[-| 
Threshold A Discharge B 
Control A [3]. Threshold B 
| 2] Control B 
Output A [=| 

Trigger A [2] 


|=] Trigger B 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC3456 only) 


TYPICAL APPLICATIONS 
®@ Time Delay Generation 

Sequential Timing 

Linear Sweep Generation 

Precision Timing 

Pulse Generation 

Pulse Shaping 

Missing Pulse Detection 

Pulse Width Modulation 

Pulse Position Modulation 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) FIGURE 3 — GENERAL TEST CIRCUIT 


Power Supply Voltage | Voc | +18 
Discharge Current |. las | 200 | 
iF & 
Operating Ambient Temperature 
Range MC3556 


Power Dissipation (Package 
Te 
-55 to #125 
MC3456 0 to +70 


Limitation) 
Storage Temperature Range | Tstg | | Tstg | -65 to +150 °C 


Control 
Voltage 1/2 MC3556 
1/2 MC3456 


Discharge 


. . Thrashold 
Ceramic Dual-In-Line Package 


Derate above Ta = +25°C 
Plastic Duat In-Line Package 
Derate above Ta = +25°C 


Test Circuit for Measuring dc Parameters: 
(to set output and measure parameters) 
a. When Vg > 2/3 Voc, Vo is low. : ry . 
b. When Vg < 1/3 Vcc. Vo is high. . 
c. When Vo is tow, pin 7 sinks current. To test for Reset, 
set Vo. high, apply Reset voltage, and test for current 
flowing into discharge pin. When Reset is not in use, it 
shoutd be tied to Vcc. 


ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = +5.0 V to +15 V unless otherwise noted.) 


Characteristics 


Supply Voltage Vec 4.5 

Supply Current (Per timer, double for both halfs) : 
Voc = 5.0V, RL = 
Vec= 18 V, Ry = 

Low State, (Note 1) 


4 
= < 


Timing Error (Note 2) 
Monostable Mode 
“Ra = 2.0 k2 to 100 kX 
Initial Accuracy C = 0.1.uF 
. Drift with Temperature 
Drift with Supply Voltage 
Astable Mode 
Ra = Rp = 2.0 kQ to 100 kQ 
C= 0.01 uF 
__ Initial Accuracy . 
Drift with Temperature 
Drift with Supply Voltage 


Threshold Voltage 


Trigger Voltage. VT 
48 
1.45 i fa 


PPM/°C 
%IVolt 


Ww 
o 
o 
Om. 
=aOG 


2 
a 
oa 


% 
PPM/°C 
%IVoit 


°o 
— 
a 


Veco = 168 V 
Voc =5.0V 
Trigger Current 


Oo 
~ 


Reset Voltage 
Reset Current 
Threshotd Current (Note 3) 


oo 
on 
N 
OaN 
aOR 


Wu 
bw 
go 


° 
= 


Control Voltage Level 
Voc = 18 V x 10 
Voc =.5.0 V 3.33 
Output Voltage Low 
{Voc = 18 V) 
\sink = 10 mA 
- Isink = 50 mA fe 
lsink = 100 mA : 
Isink = 200 mA 
(Vec = 5.0 V) 
Isink = 8.0 mA 
lsink = 5.0 mA 


Output Voltage High 
(lsource = 200 mA) 


< 
fe) 
eo 


Vec= 15 V 
(tsqurce = 100 mA) - 
Vcc * 15V 


Veco = 5.0V 


Toggle Rate (Figures 17, 19) 
Ra = 3.3 kO, Rp = 6.8 kQ, C = 0.003 uF 


Discharge Leakage Current 


Matching Characteristics Between Sections 
(Monostable) 
Initiat Timing Accuracy 
Timing Drift with Temperature 
Drift with Supply Voltage 


NOTES: 1. Supply current when output is high is typically 2.0. mA less. 3. This will determine the maximum vaiue of Ra + Rg for 
2. Tested at Voc = 5.0 V and Vcc = 15 V. - 15 V operation. The maximum totai R = 20 megohms. 
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ty, DELAY TIME NORMALIZED 


MC3456, MC3556 . 


PW, PULSEWIDTH (ns min) 


FIGURE 4 — TRIGGER PULSE WIDTH 


FIGURE 7 — LOW OUTPUT VOLTAGE 


NTT 


VT (min), MINIMUM TRIGGER VOLTAGE 
: (X Veg = Vde) - 


@ Vcc = 5.0 Vdc 


Pa No et es be} 
cat 


2.0 5.0 10 20 50 
Isink, (mA) 


FIGURE 10 — DELAY TIME 
versus SUPPLY VOLTAGE 


Vee. SUPPLY VOLTAGE (Vdc) 


0.2 0.3 9. 


lec, SUPPLY CURRENT (mA) 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 5 — SUPPLY CURRENT FIGURE 6 — HIGH OUTPUT VOLTAGE 


Voc, SUPPLY VOLTAGE (Vdc) Isource(mA) 


FIGURE 8 — LOW OUTPUT VOLTAGE _, FIGURE 9 — LOW OUTPUT 
@ Vcc = 10 Vde VOLTAGE @ Vcc = 15 Vde 


VOL. (Vdc) 
VoL, (Vde) 


i 0 10 20 50 100 
ISINK, (mA) . ISINK, (mA) 


FIGURE 11 — DELAY TIME FIGURE 12 — PROPAGATION DELAY 
_ versus TEMPERATURE ves TRIGGER VOLTAGE 


AY TIME (ns) 
8 
— 
Ss 
eel 
~ 
Wt 
NG 


tq, DELAY TIME NORMALIZED 


tpd, PROPAGATION DEL 


it} 1 
0 0.1 0.2 0.3 0.4 
Ta, AMBIENT TEMPERATURE (°C) V7 (min). MINIMUM TRIGGER VOLTAGE 
: : (X Voc = Vde) 
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MC3456, MC3556_ 


Threshold 


FIGURE 13 — 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 


Trigger 


Reset 


Discharge 
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- GENERAL OPERATION — 


The MC3556 is a dual timing circuit which uses as its 
timing elements an external resistor — capacitor network. {t can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com- 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com- 
parator reference voltages are always a fixed ratio of the supply 


voltage thus providing output timing independent of supply voltage. 


Monostable Mode 

; In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 

discharge transistor terminal are connected together in this mode, 

refer to circuit Figure 14. When the input voltage to the trigger 

comparator falls below 1/3 Vcc the comparator output triggers 

the flip-flop so that it’s output sets low, This turns the capacitor 


discharge transistor ‘off’ and drives the digital output to the high 


state. This condition allows the capacitor to charge at an ex- 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vcc the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re- 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 Ra C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 
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A reset pin is provided to discharge the capacitor thus inter- 
rupting the timing cycle. As long as the reset pin is low, the capaci- 
tor discharge transistor is turned ‘‘on’’ and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


FIGURE 14 — MONOSTABLE CIRCUIT 


+Vcc (5 to 15 V) 


Discharge 


: 
1/2-MC3556 cae 


1/2-MC3456 Threshold 
: Control 


0.01 nal Voltage . 


MC3456, MC3556 


GENERAL OPERATION (continued) 


FIGURE 15 — MONOSTABLE WAVEFORMS 
ee 


input Voltage 5.0 V/cm 


Output Voltage 20 V/cm 


5.0 V/cm 


a 


Capacitor Voltage 
t= 50 us/cm 
(Ra = 10k2, C=0.01 uF, RL = 1.0k2 , Vcc = 15 V) 


FIGURE 16 — TIME DELAY 


100 


10 
5 
v1.0 
2 
is 
oO 
~ 01 
Ss 
eo 
a naan 
I IA oe oe Ped | 
10 us 100us 1.0 ms 10 ms 100 ms 1.0 10 


tg, TIME DELAY (s) 


Astable Mode 


In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Voc and 2/3 Voc. See Figure 17. 


The external capacitor charges to 2/3 Vcc through Ra and Rg 
and discharges to 1/3 Vcc through Rg. By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output, high) is given by: tz = 0.695 (RatRg) C 
The discharge time (output low) by: tg = 0.695 (Rg) C 
Thus the total period is given by: T = ty + tz = 0.695 (Ra+2Rg) C 


; 1 1.44 
The frequency of oscillation is then: f = — = ———__——- 
i i aiaae: T (Rat2Rg) C 
and may be easily found as shown in Figure 19. 
Re . 
Rat2Rg 
To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 
The minimum value of Ra is given by: 
>Vcc (Vde) > Vcc {Vde) 


R 
A T7(A) 0.2 


The duty cycte is given by: DC = 


coer 
ay any 4nn 
222588 


100 


FIGURE 17 — ASTABLE CIRCUIT 


*Voc(5 to 15 V) 


1/2-MC3556 
1/2-MC3456 


Output Voltage 
1O Viem 


t = 20 us/cm 
(Ra =5.1k2, C = 0.01 wF, Ry =1.0k9; 
Rg = 3.9k2, Voc = 15 V) 


FIGURE 19 — FREE-RUNNING FREQUENCY 
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f, FREE-RUNNING FREQUENCY (Hz) 


- MC3456, MC3556 


APPLICATIONS INFORMATION 


TONE BURST GENERATOR 


For a tone burst generator the first timer is used as a 
monostable.and determines the tone duration when trig- 
gered by a positive pulse at Pin 6. The second timer is 
enabled by the high output of the monostable. It is con- 
nected as‘an astable and determines the frequency of 
the tone. 


DUAL ASTABLE MULTIVIBRATOR 

This dual astable multivibrator provides versatility not 
available with single timer circuits. The duty cycle can be 
adjusted from 5% to 95%. The two outputs provide two 
Phase clock signals often required in digital systems. It 
can also be inhibited by use of either reset terminal. 


’ FIGURE 20 — TONE BURST GENERATOR 


. Trigger 
Trigger 


t=1.1R_ C1 


13 Discharge 
O - 


12 Threshold 
1/2 MC3556 


“(Ra + 2p) Cc 


FIGURE 21 — DUAL ASTABLE MULTIVIBRATOR 


Control 
Voltage 


_ 991 2 
'= (Risa E for C1 = C2 


O 
Output 
1/2 MC3556 


Contro! 


R2 
Duty Cycle RitR2 
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MC3456, MC3556 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation : . FIGURE 23 — PULSE WIDTH MODULATION WAVEFORMS 

\f the timer is triggered with a continuous pulse train’ in the (Ra = 10k2, C= 0.02 uF, Vcc = 15 V) * 
monostable mode of operation, the charge time of the capacitor 
can be. varied by changing the contro! voltage at pin 3. In this 
manner, the output pulse width can be modulated by applying 
a@ modulating signal that controls the threshold voltage. 


FIGURE 22 


+ Veg (5 to 15 Vv) 


Output Volrage 


ck 
am is as ~ 


Capacitor Voltage 


Output Discharge 


O 
Output , 
. 1/2-MC3556 Threshold 
1/2-MC3456 O 


Trigger Control 


Modulation Test Sequences 


Input Several timers can be connected to drive each other for sequen- 


tial timing. An example is shown in Figure 24 where the sequence 
is started by triggering the first timer which runs for 10 ms.: The 
output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


FIGURE 24 


Vcc (5 to 15 V) 


9.1k : F 4 50 k 
Thresh- Thresh- 
old . 


1/2-MC3556 1/2-MC3556 1/2-MC3556 


1/2-MC3456 . 1/2-MC3456 1/2-MC3456 
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_. ORDERING INFORMATION 


; Temperature 
Device Alternate Range Package 
MLM565CP NE565A ° o°c to +70°C Plastic DIP 


PHASE-LOCKED LOOP 


The MLM565C is designed for general-purpose phase-locked 
loop applications to 500 kHz. : 


Stable Center Frequency — 200 ppm/°C (Typ) 


Flexible Power Supply Range — 
+5 to +12 Volts with Small Frequency Drift — 100 ppm/% (Typ) 


Low Total Harmonic Distortion of Demodulator Output 
— 1.5% (Max) , 


Linear Triangle Wave Output — 0.5% (Typ) 
TTL, DTL Compatible.Inputs and Outputs 


Adjustable Hold In Range — +1% to >+60%. 


Phase Comparator 
5 


vc 
Reference Contro! 2 


Vco Input © Output Voltage 
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FIGURE 1 — REPRESENTATIVE CIRCUIT SCHEMATIC 
7 8 


— MLM565C 


’ PHASE-LOCKED LOOP 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 


CASE 646 


Comparator 
VCO Input 


Reference 
Output 
vco 
Control 
Voitage 


External 
C for VCO 


External 
R for VCO 


MLM565C 


MAXIMUM RATINGS 


‘Symbol Value 


Power Dissipation (Package Limitation) 
Derate above 25°C 


3 
> 


Input Level Required for Tracking 
fo= 10 kHz, £10% Frequency Deviation 


a 


VCO Maximum Operating Frequency 
Co=2.7pF 
Operating Frequency Temperature Coefficient 


a} ec 


< 

x 
G 

f 


8 


Output Current Sink (Pin 4) 
VCO Sensitivity 
Demodulated Output Voltage (Pin 7) 
fg = 10 kHz, +10% Frequency Deviation 
Total Harmonic Distortion , 
fo = 10 kHz, 10% Frequency Deviation 


x 
< 


x 


Output Impedance (Pin 7) 
DC Output Voltage Level (Pin 7) 


Output Offset Voltage (Input = 0) 
IV7-N6/_ 


Temperature Drift of /V7-V6/ uv/°C 


a 


3 


rl eae 


V/radian 


1.0 uF Triangle 


Input Wave 
(Frequency O Output 
Modulated 
Signal) 


Demodulated 
Output 
—O 


Offset Voltage 
(V7-V6)} 


Square Wave 
Output 


@) MOTOROLA Semiconductor Products inc. 
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FIGURE 3- POWER SUPPLY CHARACTERISTICS FIGURE 4— VCO CONVERSION GAIN 
Nat age ae 7 
oo oe eee 
i: ae (ae RE TR 
oe ee a eS ee Dee ae 
s cia (ele a a ss Pe 
5 ar (ieee ed 
x Z xe 2 eae 
z 5 Fa 
“eel pt 
‘ fi 
Fe ee Cn Ce a 
0.5 1.0 1:5 . 2.0 25 3.0 


TOTAL SUPPLY VOLTAGE (VOLTS) VOLTAGE BETWEEN Pins 7 and 10 (V10-V7) - 


FIGURE 5 — LOCK RANGE versus INPUT VOLTAGE FIGURE 6 — OSCILLATOR OUTPUT WAVEFORMS 


ss ae 

ee EH pp i 
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pe ee eB 

a Ser zt 
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NORMALIZED LOCK RANGE 
QUTPUT Pin 4(V) OUTPUT Pin 9 (V) 


1.0 5.0 50-100 500. 1000 
PEAK-TO-PEAK INPUT VOLTAGE (mV) 


FIGURE 7 — LOCK RANGE ; 
(As a Function of Gain Setting Resistance) ‘FIGURE 8 — AM REJECTION CHARACTERISTICS 


75 
os et SO SM es SG a 
ae es ea ee 


65 


AM REJECTION (dB) 
> 
3 
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zi Lol A Een SW ES Re BESS) ce fees: 
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RELATIVE FREE RUNNING veo FREQUENCY : _ INPUT VOLTAGE (mV) 


OUTPUT VOLTAGE V7-V6(V) 


Dp 


4 Circuit diagrams utilizing Motorola products are included as ameans~ is believed to be entirely reliable. However, no responsibility is 
of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 


complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 


Ld 


@) MOTOROLA Semiconductor Products Inc. 
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MLMS565C. 


GENERAL APPLICATIONS INFORMATION 


The following formulas are eal when designing with the 
MLM565C: 

- 1 
1. Center Frequency — fo 3.7 Roco 
Where: fo is the frequency of the VCO without input 
signal. For Ro, Co circuit location see Figure 2. — 


2. Loop Gain —- KoKpA 
. Definitions: 
Ko — VCO Conversion Gain — the conversion factor 
between VCO frequency and control voltage. 
Ko = 4.12 fo (units are in radians/sec/volt) 
Example: for VCO Sensitivity @ 10 kHz (in, Hz/volt) 


4.12 x 104 = 6600 Hz/Volt 


as 2 7 radians 


Kp —Phase Detector Gain Factor — the conversion 
factor between the phase detector output voltage 
and the phase difference between input and 
VCO signals. Units are in volts/radian.. 


8.10A 
K = 
Dd” Vee 
Where: A= f(R6 to R7) 
8.1 
Hence: Kp =——— [f(R6-R7)] 
? Vcc 
Where: Vcc is total system supply voltage, 


#(R6-R7) is internal amplifier gain (See Fig- 
ure 9). Vcc : total supply voltage to the circuit. 


+ Bfo 
Vcc 


Where: f., is the range of frequencies in the area 
of fo over which the VCO, once locked to the 
input signal, will remain locked. 


: 1 2 nf 
4. Capture Range —fp>¥+—— / L 
: apture Rang c ae ; 


Where: fg is that range of frequencies around 


3. Lock Rage — fp=t 


fy over which the loop will acquire lock with an . 


. input signal initially starting out of lock. : 
(7 = Time Constant at Pin 7) 


FIGURE 9 — INTERNAL AMPLIFIER GAIN CHARACTERISTICS 


f {R6-R7] 


tebe ee 
Stl a ET 


1.0 10 30 50 100 
RESISTANCE BETWEEN Pins 6 AND 7 (ks2) 


MOTOROLA Scintisonducice Prediota inc. 


BOX 20912 @ PHOENIX, ARIZONA 85036 © A SUBSIDIARY OF MOTOROLA INC, 
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DIFFERENTIAL TWO-STAGE VIDEO AMPLIFIER 


The SE/NE592 is a monolithic, two-stage, differential output, 
wideband video amplifier. It offers fixed gains of 100 and 400 with- 
out external components and adjustable gains from 400 to 0 with 
one external resistor. The input stage has been designed to that with 
the addition of a few external reactive elements between the gain 
select terminals, the circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications, magnetic memories, display 
and video recorder systems. The 592 is a pin-for-pin replacement for 
the MC1733. oO 


. ® 120 MHz Bandwidth 


© Adjustable Gains From 0 to 400 


@ Adjustable Pass Band 


® No Frequency Compensation Required 


CIRCUIT SCHEMATIC 


This is advance information and specifications are subject to change without notice. 
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NE592L. 0 to 70°C ‘Ceramic DIP 


VIDEO AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


_ G SUFFIX 
_ METAL PACKAGE 
CASE 603 . 


G2g Gain Select (>) GC) (e) VEE 


' Gig Gain Select 
(top view) 


Pin 5 connected to case 


L SUFFIX 
CERAMIC PACKAGE 
_ CASE 632 . 


(top view) 


ORDERING INFORMATION. 
Temperature 
Device Range Package 


SE592L- }|-50 to +125°C | Ceramic DIP is 


Ls, 


NE592, SE592 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


= 


. | Power Supply Voltage Vec _ +8.0 Volts 
‘ : Vee —8.0 


Differential Input Voltages . ee a eee Volts — 
Common-Mode Input Voltage 7 Volts 


Operating Ambient Temperature Range 
-55 to +125 
0 to +70 


SE592 
Operating Junction Temperature Range % 
C . 


Vib 
Vic 
Ta 
NE592 
Ts 
Storage Temperature Range -65 to +150 oO 


ELECTRICAL CHARACTERISTICS (Vcc = +6.0 v, Veg =-6.0 V, Vom = 0, Ta = 25°C unless otherwise noted.) 


Differential Voltage Gain 
(Gain 1, RL = 2 kX Note 1) 
(Gain 2, Vout = 3 Vp-p Note.2) 


Bandwidth 


(Gain 1, Note 1) 

(Gain 1, Note 2) 
Rise Time 
(Gain 1, Vg = 1Vp-p, Note 1)’ 
(Gain 2, Vg = 1 Vp-p, Note 2) 
Propagation Delay 
(Gain 1, Vo = 1 Vp-p, Note 1) 
(Gain 2, Vo = 1 Vp-p, Note 2) 


Input Resistance ee 
(Gain 1, Note 1) 
(Gain 2,Note2) — 
- 
(Gain 2, Note 2) Cin 
put oft Gurren’ [ig 
pt Bie Cited ig 


Input Noise Voltage Vn 

(BW = 1 kHz to 10 MHz) 
Common-Mode Rejection Ratio 
(Gain 2, Vey = £1 V, f S 100 kHz) 
(Gain 2, Voy = £1 V, f = 5 MHz) 
Supply Voltage Rejection Ratio 

(Gain 2, A V, = +0.5 V) 


Output Offset Voltage - Voo 
(Gain 3, Ry, = °°, Note 3) 


Output Common-Mode Voltage 
(Ru =°%) : 

Output Voltage Swing 
(RL = 2k) ° 


Power Supply Current 
(Ri = 00) , 


Note 1. Gain select pins G1q and Gig connected together. 
Note 2. Gain select pins G24 and G2g connected together. 


° 
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ou 
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-_ 
° 
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Note 3. All gain select pins open. 


® MOTOROLA Semiconductor Products inc. 
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NE592, SE592 


GENERAL TEST CIRCUITS 


THERMAL INFORMATION | 


' The maximum power consumption an integrated cir- the sum of the products of the supply voltages and supply 
cuit can tolerate at a given operating ambient temperature, currents at the worst case operating condition. 
fal Baru ng arobw ie. Cquatons TJ(max) = Maximum Operating Junction Temperature 
TJ(max) - TA — as listed in the Maximum Ratings.Section 
PD(Ta) = R@sa(Typ) —- Ta = Maximum Desired Operating Ambient : 
Temperature 


Where: Pp(T,) = Power Dissipation allowable at a given 
ReJA(Typ) = Typical Thermal Resistance Junction to 


operating ambient temperature. This must be greater than : 
Ambient 


@) MOTOROLA Semiconductor ‘Products inc. - 
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The packaging availability for each device type is indicated on the individual data sheets 
and the Selector Guide. All of the outline dimensions for the packages are given in this . 
section. Outline dimensions for non-encapsulated standard linear device chips and flip-chip 
devices are found in the Chips Data Book. 


The maximum power consumption an integrated circuit can tolerate at a given operating 
ambient temperature can be found from the equation: 


p . __ TJS(max) - 
DITA) © "Rg ja (Typ) 

where: PD(Ta) = Power Dissipation allowable at a given operating ambient temperature. — 
This must be greater than the sum of the products of the supply voltages 
and supply currents at the worst case operating condition. 

TJ(max) = Maximum Operating Junction Temperature as listed in the Maximum 
Ratings Section. See individual data sheets for Tj(max) information. 
Ta = Maximum Desired Operating Ambient Temperature 
R@JA(Typ) = Typical Thermal Resistance Junction to Ambient 


CASE 11 (T0-3) 


Meta! Package ; 
Reja = 45° C/W(Typ) A 
Rejc = 5.5° C/W(Typ) | fae | 
T on REE eS 
E B 
seaging Ut jal loo] — | rsa 


| — | 0.830 | 
ete ree ae Oe 
| 0 | 0.99 | 1.09 | 0.038 { 0.043 | 


PE [ = [3.43 |_| 0.135 | 
YF 29.90 [30.40 | 1.477 [1.197 | 
|G i067 [71.18 | 0.420 [0.440 | 


CASE 29 (T0-92) 


Plastic Transistor 
Raya = 200° C/w 


P 
MILLIMETERS] INCHES | 
SEATING 


PLANE 
F 
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CASE 79 (T0-39) 


Metal! Package 
Resa = 185° C/W(Typ) 


CASE 199 
Plastic Package 
Resa = 65° C/W | 
Resc = 5.0° C/wW 


CASE 313 (T0-220 Type) 


Plastic Power 
Raja = 65° C/W (Typ) 


1, DIM “GIS TO CENTER LINE OF LEADS. 


ony ARLIMETERS | INCHES 
| MIN [MAX | MIN | MAX | 
} A | 889 | 9.40 | 0.350! 0.370 | 
YB | 8.00 | 851 | 0.315] 0.335 | 
| C | 6.16 | 6.60 | 0.240] 0.260 | 
| D | 0.406 | 0.533 | 0.016 | 0.027 | 
| £ | 0.229] 3.18 | 0.009] 0.125 | 
[ F { 0.406 [0.483 } 0.076] 0.019 | 
5.33 | 0.190] 0.210 | 


All JEDEC dimensions and notes apply. 


aa MILLIMETERS] INCHES | 
| MIN, | 


[0.105 | 0.115 | 
| Js | 0.43 | 0.69 [ 0.017 | 0.027 
| K [74.73 [14.99 | 0.580 | 0.590 | 


“ft [276 | 2.47 | 0.085 [0.095 | 


ia MILLIMETERS. 
MIN: | 


INC 
[MAX | min | MAX | 
| A | 15.49 | 16.88 | 0.610 | 0.625 | 
[ec { 4.06 | 483 | 0.160 [ 0.190 | 
[1.02 [0.020 | 
0,090 | 0.170 | 


Haan rs 


CASE 601 
Metal Package | 
ReJA = 160° C/W(Typ): 


CASE 6038 


Meta! Can 
Roya = 160° C/w 


CASE 603C (T0-100 Type) 


Resa = 150° C/W(Typ) 


om fa MILLIMETERS See a eo 


|.0.016 | 0.019 | 
Het sass | o2a ast 
TH _| 0.712] 0.864| 0.028 | 0.034 | 
| J | 0.737) 1.14 | 0.029 | 0.045 | 
YK 112.70 | — | 0500] - | 
| t | 6.35 [42.70 | 0.250 | 0.500 | 
VP | — [ t.27 | - | 0.050 | 


| a | 3.56 | 4.06 | 0.140 | 0.160 | 
PR [0.254] 1.02 [0.010 [0.040 | 


MILLIMETERS INCHES 


CASE 606 (T0-91) | 


Ceramic Package 
Resa = 165° C/W(Typ) 


0.290 
0.260 


NOTF: . 
1, LEADS WITHIN 0.25 mm (0.010) 
TOTAL OF TRUE POSITION AT eae 
MAXIMUM MATERIAL CONDITION Ss SUSE DESidlmensiogs uenates apBly 
(AT BODY) 


CASE 607 (T0-86 Type) 


Ceramic Package 
Rega = 165° C/W(Typ) 


N 
— Sa oe 
a SEATING PLANE 


CASE 614 (T0-66 Type) 
Metal Package 

Reya.= 35° C/W(Typ) 
Resc = 6° C/W(Typ) 


CASE 620 


Ceramic Package 


Resa = 100° CW(Typ) 


D SEATING 


CASE 623 


Ceramic Package 
Resa = 53° C/W(Typ) 


SEATING PLANE 


CASE 626 


Plastic Package 
Raya = 100° C/W(Typ) 


| eee 


’ SEATING PLANE 


> ES 
A {19.05 | 1981 | 0.780 | 750 0760 | 780 


NOTES: 

1 LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION’ 

2 PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT’ 

3 DIM L” TO CENTER OF LEADS 
WHEN FORMED PARALLEL’ 


ne LREETERST — nS | 
[ 32.26 | 1.230 | 1.270 | 


Te | 12.70-[ 13.72 | 0.500 [0.640 | 
pt Ae Le} 160 | 0.220 


| 0.51 | 0.016 | 0.020 | | 
Pere 0.060 
|G | 2.54BSC_ | 0.100 BSC” 
3 | 0.20] 0.30 | 0.008 | 0.012 | 
| K | 3.18 | 4.06 T 0.125 [0.168 | 
| i | 15.24BSC_ | 0.600 BSC 
NOTES: ; pM sc ts | st iT 
+ aii To CENTER DE | N | 0.51 { 1.27 | 0.020 | 0.050 J 
LEADS WHEN FORMED 
PARALLEL. 
2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
(WHEN FORMED PARALLEL) 


\ioia MILLIMETERS SoHE) 
a faa aie agra aaa 


S40 | 1026 | a7 370 9400 400 


cepa aes ates oe] 0.175 
|b | 0.38 | 0.51 | 0.015 | 
| F | 4.02 | 1.52 | 0.040 | a 


254BSC | 0. Tr BSC 
0.76 | 1.27 | 6.030 | 0.050 
0.20 | 0.30 | 0.008 2.008 0.012 | 


NOTES: 


1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. BIM “L" TO CENTER OF 
_ LEADS WHEN FORMED PARALLEL. 


CASE 632 (T0-116) 
Ceramic Package 
Roya = 100° C/WiTyp) 


SEATING 
_ PLANE 


CASE 646 


Plastic Package 
Resa = 100° C/W(Typ) 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRU eae 
POSITION AT SEATING alge a ken ma | SEATING K 
PLANE AT MAXIMUM G D PLANE 
MATERIAL CONDITION. 

. DIMENSION “L” TO 

CENTER OF LEADS ., 
WHEN FORMED 
PARALLEL 


CASE 647 


Plastic Package 
R@JA = 100° C/W(Typ) 


1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 


97 


sak 


eS} ° 
2) 2 a 
es sic 3 
S S 
io 
by 3 
| 3 


ANJEDEC dimensions and notes apply. 


DIMENSION “L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 


MILLIMETERS] INCHES 
{MIN | MAX | MIN [MAX | 


0.052 | 0.072 
0.008 [0.012 
0.110 [0.0160 
0.375 | 0.430 | 


G.005 | 0.015 
0.020 | 6.030 
7_ |. 0.185 


0.100 | 0.135 


CASE 648 © 


Plastic Package 
Resa = 100° C/W(Typ) 


NOTE: — 
mi aol Gl JL 1. DIM“L" TO CENTER OF LEADS 


D SEATING 
OAR WHEN FORMED PARALLEL. 


CASE 649 


Plastic Package 
Roya = 90° C/W(Typ) 
one REEBMETERST INCHES 
[max [min | MAX] 


[8 | 13.21 [13.72 | 0.520 | 0.540 | 
| ¢ | 4.70] 5.21 | 0.186 [0.205 | 
| o | 0.38] 


YF | 1.02] 1.52 | 0.040 | 0.060 


NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 
2. DIMENSION “L” TO CENTER OF 
MAU. LEADS WHEN FORMED PARALLEL. 


CASE 650 


, Ceramic Package 
Resa = 140° C/W(Typ) 


NOTES: 
1. LEAD NO. TIDENTIFIED BY TAB 
ON LEAD OR DOT ON COVER. 


2. LEADS WITHIN 0.13 mm (0.005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 


CASE 690 ~ 


Ceramic Package 
ReasA= 100° C/W(Typ) 


MILLIMETERS INCHES 


Tee 114} 0.025 


NOTE 
1, LEADS WITHIN 0.13 mm (0,005) RABIUS 
. OF TRUE POSITION AT SEATING PLANE 
\~ AT MAXIMUM MATERIAL CONDITION. 


Ero = G LE nor Sills = : 


CASE 693 


Ceramic Package 
Rejya = 100° C/W(Typ) 


NOTES: 

1, LEADS WITHIN 0.13 mm (0.005) 
RAD OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L“ TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 


SEATING PLANE 


CASE 701 _ 


pestle Die MILLIMETERS] INCHES | 

Rasa = 100° C/W(Typ) | ‘ pim{ MIN | MAX | MIN. | MAX 
- gl A [23.11 | 23.88 | 0.910 

6.10 | 6.60 | 0.240 

4.08 | 4.57 | 0.160 

0.38 | 0.51 

1.62 | 1.52 

” 2.54 BSC 


2|2\-|x|+|=\|mIo|0 


NOTES: . 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUM OF TRUE 
POSITION AT SEATING - 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
(DIM “G"). 

. DIMENSION “L” TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 


CASE 722 : Pe ae oe) eae 
Plastic Package a es [MIN | 
Resa = 60° C/WiTyp) | 


CASE 722A 
Plastic Package 
Roya = 60° C/WiTyp) | 


ou MILLIMETERS| INCHES | 
[MIN | [ MAX _| 


CASE724 | hae oe eT a a 


Plastic Package: ~ | 4.06 |" 4.57 [0.160 | 0.180 | 


A Be | 0.38 [0.015 | 0.020 
Resa = 100° C/W(Typ) ; ere Pepa 


‘eames [2,54 8SC__{_ 0,100 BSC , 
: cMnewae rr neeetreh eee 


| alias 


1, LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIA AT SEATING ~ 
PLANE AT MAXIMUM MATERIAL 
CONDITION (DIM 0). 


SEATING PLANE 


CASE 726 


‘Ceramic Package 
Resa = 100° C/W(Typ) 


0.76 


NOTES: 
1. LEADS, TRUE POSITIONED 
_ WITHIN 0.25 mm (0.010) DIA. 
AT SEATING PLANE, AT 
MAXIMUM MATERIAL 
CONDITION. 

. DIM “L” TO CENTER OF 8 
LEADS WHEN FORMED” 
PARALLEL. ; 

. DIM “A” & “BY INCLUDES 
MENISCUS. : 


MOUNTING | 
MOTOROLA | 
Semiconductors HARDWARE | 


BOX 20912 6 PHOENIX, ARIZONA 85036 T0-3 


*NO. 6 SHEET METAL SCREWS 
B51564F003 This hardware is applicable 


to the following packages. 


INSULATOR ; 
(3 OPTIONS AVAILABLE) POWER TRANSISTOR 
MICA—B52600F 011 ! MOTOROLA CASE1 
FIBERGLASS—B51080A001 : 
ANODIZED ALUMINUM— 
B51078A001 : 


*NYLON INSULATING 
BUSHING 
BS1547F002 


CHASSIS OR 

HEAT SINK CASE 1 (TO-3) 
CASE 3 
CASE 11A 
CASE 11 (TO-3) 
CASE 12 
CASE 54 
CASE 197 


SOCKET 
B51084A001 


* Longer screws (not available from Motorola) and multiple bushings may be required 
for thick chassis or heat sink. 


FRONT TEMPLATE ‘ BACK TEMPLATE 
BS1087A001 B51087A002 _— 


9-11 


1.1730 


0.045 + 0.003 DIA 
0.144 + 0.003 DIA 
(2 HOLES) 0.188 


0.177 DIA 
(2 HOLES) 


0.218 DIA 
0.16 (2HOLES) 


1.600 : 
0.003 TEFLON-COATED .020 ALUMINUM 


0.105 TYP 0.166 DIA 


° (2 HOLES) 
FIBERGLASS INSULATOR INSULATOR : ee ; 
B51080A001 ; B51078A001 
hil .002 MICA 
; 0.026 TYP 
2 HOLES 2 HOLES CUT NOMA INSULATOR 
0.062 DIA : 0.144 +0.003 IMPREGNATED BS2600F 011 


.060 +.005 143 + .003 
f DIA 
BRASS, : 
CADMIUM PLATED 


0.0002 THK Fl 6) 


he +003 


0.375 DIA 
an NYLON INSULATING BUSHING 
B51547F002 


TRANSISTOR SOCKET 
B51084A001 


12.70 + 0.79 NO. 6 SHEET METAL SCREW 


2.03-2.36 
0.080-0.093 0.500 + 0.031 B51564F003 
. 90° 
56 1/2° ‘ 0.430 


MOUNT ON FRONT OF CHASSIS 


33 1/29 


€ (HOLES) 


BACK TEMPLATE 
BS1087A002 


1.187 


FRONT TEMPLATE | 
B51087A001 


() MOTOROLA Semiconductor Products inc. 


MOTOROLA | MOUNTING 
Semiconductors - HARDWARE 


BOX 20912 e PHOENIX, ARIZONA 85036 T0-220AB 
, i : 


Part numbers in this Part numbers in this 
* column for column for 


NON-INSULATED MOUNTING INSULATED MOUNTING 


s | a 2 


4-40 HEX HEAD SCREW 


7 BSB B09489A034 


A 


RECTANGULAR STEEL WASHE ; 
BO9002A001 


6-32 HEX HEAD SCREW 
BO9489A035 


| NYLON INSULATING BUSHING 
ra B51547F015 


SEMICONDUCTOR 


(CASE 221, 221A) ~~ 


HEAT SINK ; a \ 
OR CHASSIS 
MICA INSULATOR 
B08853A001 


RECTANGULAR 


NYLON BUSHING 
B51547F 005 


COMPRESSION WASHER 
B52200F005 


6-32 HEX NUT eannesenuy CASE 313-01 


B03490A006 ee | Lee B09490A005 .  T0-220 Type 


TORQUE REQUIREMENTS 


INSULATED 0.68 N-M (6 IN-LBS) MAX 
NON-INSULATED 0.9 N-M (8 IN-LBS) MAX 
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MILLIMETER, 


DIMENSION — 
( INCH 
a Abb cataract MICA INSULATOR 
B08853A001 
CADMIUM-PLATED 
~ 3.68-3.81 
0.145-0.150 


47-157, 
a 3.05-3.28 171.57 


[0.120-0.129 
7 13.84-14.10 
[ts Dd 0.545-0.555 


SS Tae 


0.095-0.105 
9.53-10.0 | 4.83-5.33 “ 4.40-1.65 
0.190-0.210 0.055-0.065 


0.375-0.394 | 
. 21.08-21.59 ° 0.05-0.08 
0.830-0.850 - | 0.002.0.003 


a 


1.14-1.40 


0.045-0.055 : 


' STEEL COMPRESSION 


WASHER 
B52200F005 
HEX NUT RECTANGULAR , NYLON 
CARBON STEEL STEEL WASHER 
ING 
CADMIUM-PLATED B09002A001 INSUEA TING Buen 


, 3.58-3.68 


st € 


10.16-10.41 0.215-0.225 
0.400-0.410 { A E 
0.060-0.064 | s a | 
D 


DIMENSIONS ~ MILLIMETER (INCH) 
NYLON BUSHING 


B51547F005 9.40-9.65 3.84-4.09 2.16-2.41 6.10-6.35 1.02-1.27 
(0.370-0.380) | (0.151-0.161) | (0.085-0.095 | (0.240-0.250) | (0.040-0.050) 


5.59-6.10 3.05-3.15 1.57-1.68 3.56-3.66 0.51-0.64 
(0.020.0.025) | _ 


BSIS47FO15 | (4 570-0.240) | (0.120-0.124) | (0.062-0.066)| (0.140-0.144) 
HEX NUT 
Serr os Re ae OR TR AT 


BO9490A005 | 6.12-6.35 (0.241-0.250) 6.98-7.34 (0.275-0.289) 2.21-2.49 (0.087-0.098) | 2.84 NOM (0.112 NOM). 
BO9490A006 | 7.67-7.92 (0.302-0.312) 8.74-9.17 (0.344-0.361) 2.59-2.90 (0.102-0.114) 3.50 NOM (0.138 NOM) 


» 


HEX HEAD SCREW 


| 4-40 | 809484A034 | 0.112-40 | 1.24-1.52 (0.049-0.060) | 5.13 MIN (0.202 Min) | 4.60-4.75 (0.181-0.187) 


TYPE PART NO. 


809484035 2.03-2.36 (0.080-0.093) | 6.91 MIN (0.272 MIN) -| 6.20-6.35 (0.244.0.250) 
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- APPLICATION NOTE ABSTRACTS 


The application notes listed in this section have been prepared to acquaint the circuits and systems 
engineer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes, 


simply tist the AN number or numbers and send your request on your company letterhead to: Technical 
information Center, Motorola Semiconductor Products inc., P.O. Box 20912, Phoenix, Arizona 85036. 


~AN-204A The MC1530, MC1531 Integrated Operational 


Amplifiers 
- Two new high performance monolithic opera- 
tional amplifiers feature exceptionally high input im- 
- pedance and high open loop gain. This note describes 
the function of each stage in the circuit, methods of 
frequency compensating and DC biasing. Four appli- 
cations are discussed: a summing circuit, an integrator, 


.a DC Som pataton, and transfer function simulation. 


-AN-245A An Integrated Core Memory Seles Amplifier 


This application note discusses core memories 
and related design considerations for a sense ampli- 
. fier. Performance and environmental specifications 
for the amplifier design are carefully established so 
that the circuit will work with any. computer using 
core memories. The final circuit design is then anal- 
yzed and: measured performance is discussed. The 
amplifier features a small uncertainty region (6 mV 
max), adjustable voltage gain, and fast cycle time 
(0.5 us). 


AN-261A Transistor Logarithmic Conversion Using an 


Operational Amplifier 

The design of a log amplifier using a common 
base transistor configuration as the feedback element 
of an integrated circuit operational amplifier circuit 
is discussed in this application note. Six decades of 
logarithmic conversion are obtained with less than 1% 
error of output voltage. The possible causes of error 
are discussed followed by two applications: direct 
multiplication of two numbers, and solution of the 
equation Z = X2, 


AN- 273A More Value o out of Integrated Operational 


Amplifier Data Sheets 

The operational amplifier is rapidly becoming a 
basic building block in present ‘day solid state elec- 
tronic systems. The purpose of this application note 
is to provide a better understanding of the open loop 
characteristics of the amplifier and their significance 
to overall circuit operation. Also, each parameter is 
defined and reviewed with respect to closed loop con- 
siderations. The importance. of loop gain stability 
and bandwidth is discussed at length. Input offset 


circuits are also reviewed with respect to closed loop - 


operation. 


AN-290B Mounting cchne for, and Thermal Aspects 


of, Thermopad Plastic Power Devices 

Many Motorola power devices are now available 
in the Plastic Thermopad packages. Three package 
types are presently available. This application note 
‘ provides information’ concerning the handling and 
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AN-401 


AN-403 


AN-404 


AN-407 


ANIL 


AN-421 


\ 


nountihe of these packages, as well as information on 
some thermal aspects. 


The MC1554 One-Watt Monolithic integrated 
Circuit Power Amplifier 

This application note discusses four different 
applications for the MC1554, along with a circuit des- 
cription including DC characteristics, frequency re- 
sponse, and distortion. A section of the note is also 
devoted to package power dissipation calculations in- 
cluding the use of the curves on the power amplifier 
data sheet. 


Single Power Supply Operation of 1C Op Amps 
A split zener biasing technique that permits use 
of the MC1530/1531, MC 1533, and MC1709 opera- 
tional amplifiers and their restricted temperature 


‘counterparts’ MC 1430/1431, MC1433 and MC1709C 


from a single power supply voltage is discussed in de- 
tail. General circuit considerations as well as specific 
AC and DC device considerations are outlined to mini- 
mize operating and design problems. 


A Wideband Monolithic Video Amplifier 

This note describes: the basic principles of AC 
and DC operation of the MC1552G and MC1553G, 
characteristics obtained as.a function of the device 
operating modes, and typical circuit applications. 


A General Purpose IC Differential Output 
Operational Amplifier 

This application note discusses four different 
applications for the MC1520 and a complete descrip- 
tion of the device itself. The final sections of the 
note discuss such topics as operation from single and 
split power supplies, frequency compensation, and 
various feedback schemes. 


The MC1535 Monolithic Dual Op Amp 

This note discusses two dual operational ampli- 
fier applications and an input compensation scheme 
for fast slew rate for the MC1535. A complete AC 
and DC circuit analysis is presented in addition to 
many of the pertinent electrical characteristics and 
how they might affect the system performance. © 


Semiconductor Noise Figure Considerations 

A summary of many of the important noise _ 
figure considerations related with the design of low 
noise amplifiers is presented. The basic fundamentals 
involving noise, noise figure, and noise figure- 


. frequency characteristics are then discussed with the 


emphasis on characteristics common to all semi- 
conductors. A brief introduction is made to various 


methods of data sheet presentation of noise figure 
and a summary is given for the various methods of 
measurement. A discussion of low noise circuit 
design, utilizing many of the previously discussed 
considerations, is included. 
AN-439° = MC1539 Op Amp and its Applications 
. This application note discusses the MC1539, a 
second generation operational amplifier. The general 
use and operation of the amplifier is discussed with 
special mention made of improved operation over 


AN-489 


that of its first generation predecessor—the 709 type | 


amplifier. 

In addition to the detailed discussion on the DC 
and AC operation of the device, considerable emphasis 
is placed on operational performance. Many appli- 
cations are offered to demonstrate the device capa- 
bility, including a high frequency feed-forward 
scheme, and a source follower application. 


_A Simple Technique for Extending Op Sa 
Power Bandwidth 
‘The design of fast response amplifiers is pre- 


AN-459 


sented without the use of “tricky” compensation 
procedures. 
AN-460 —_ Using Transient Response to Determine 


Operational Amplifier Stability 

Analysis and an example are given for a tech- 
nique that evaluates the stability of any particular 
feedback amplifier configuration by analyzing its re- 
sponse to a step-function input. 


Analog-to-Digital Conversion Techniques 
The subject of analog-to-digital conversion and 


AN-471 


plish it are discussed. The paper is written in general 
terms from a system point of view and is intended to 
assist the reader in determining which conversion 
technique is best suited for a given application. 


A Monolithic High-Power Series Voltage 
Regulator 

This note discusses MC1560/MC1561 voltage 
regulator in terms of internal operation, development 
of these circuits, and how they are advantageously 
used in supply fabrication. 


AN-473 


The MC1541—A Gated Dual-Channel Sense 
Amplifier for Core Memories 

The -MC1541 sense amplifier can provide many 
magnetic core memory systems with lower system 

“cycle times and. a lower package count than with 
previous sense amplifiers. Circuit operation, design 
considerations, interface problems.and. typical ap- 
plications are discussed. 


AN-475 


AN-474 


Amplifier 

Because of the unique design of the MC1545, 
this amplifier can be used as a gated video amplifier, 
sense amplifier, amplitude modulator, frequency-shift 
keyer, balanced modulator, pulse amplifier, and many 
other applications. This note describes the AC and DC 
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many of the techniques that can be used to accom-— 


Using the MC1545—A Monolithic, Gated- Video 


operation of the circuit and presents applications of . 
the device as a video switch, amplitude modulator, 
balanced modulator, pulse amplifier, and others. 


Analysis and Basic Operation of the MC 1595 

.The. MC1595 monolithic linear four-quadrant 
multiplier is.discussed. The equations for the analysis 
are given along with performance that is characteristic’ 
of the.device. A few basic applications are given to 
assist the designer in system design. 

AN-491 Gated Video Amplifier Applications 

The MC1545 

This application note reviews the basic opera- 
tion of the MC1545 and discusses some of the more 
‘popular applications for the MC1545. Included are 
several modulator types, temperature compensation 
of the active gate, AGC, gated oscillators, FSK 
systems, and single supply operation. 

AN-498 Voltage and Current Boost Techniques Using 

The MC1560-61 4 

The stability requirements for the current 

boosted MC1560-61 are discussed. Both internal and 

external compensation techniques. are shown, along 

with heat-sink design information and __ typical 

circuits, including a self-oscillating switching regu- 

lator, and a voltage boost circuit. 


AN-499 Shutdown Techniques for the MC1560- ous 
Monolithic Voltage Regulators 
This note discusses the many ways one can use 
the shutdown control for the MC1560 Monolithic 
Voltage Regulator. These include logic control, short 
circuit detection, over voltage detection, junction - 
temperature control, and thermal feedback. Also 
discussed, are current foldback and methods of 
restarting automatically from the shutdown state. 
The techniques discussed apply equally to the 
MC1560, MC1561, and MC1569 positive voltage 
regulators. 
AN-513 A High Gain Integrated Circuit RF-IF ‘Amplifier 
with Wide Range AGC 
This note describes the operation and appli- . 
cation of the MC1590G, a monolithic RF-IF ampli- 
fier. Included are several applications for IF ampli- 
- fiers, a mixer, video amplifiers, single and two-stage 
RF npn 


AN-522° The MC1556 Operational Amplifier and its 

Applications 

This application note discusses the MC1556, a 
second generation, internally, compensated mono- 
lithic operational amplifier. Particular emphasis is 
placed on its distinct advantages over the early 
709-type amplifier and the more recent 741-type 
amplifier. 

Along with a description of its operation this 
note presents a discussion on various applications of 
the MC1556, highlighting its capabilities, and points 

_ out its characteristics so the reader ay eee . 
EHC use of the device. 


AN-531 MC1596 Balanced Modulator 


The MC1596 monolithic circuit is a highly 
versatile communications building block. In this note, 
both theoretical and practical information are given 
to aid the designer in the use of this part. Appli- 
cations include modulators for AM, SSB, and-sup- 
pressed carrier AM; demodulators for the previously 
méntioned modulation forms; frequency doublers 
and HF/VHF double balanced mixers. 


AN-533 Semiconductors for Plated-Wire Memories 


An introduction to the operation and electrical 
characteristics of plated-wire memories is provided in 
conjunction with the applications of semiconductors 
that interface with the plated-wire memories. 

Devices discussed include drivers, sense ampli- 
fiers, and decoders. Memory organization and mem- 


ory-related semiconductor applications are also men- 


tioned. 


AN-543A Integrated Circuit IF Amplifiers for AM/FM 


~ and FM Radios 
This application note discusses the design and 
performance of four IF amplifiers using integrated 
circuits. The IF amplifiers discussed include a high 
performance circuit, a circuit utilizing a quadrature 
detector, a composite AM/FM circuit, and an econ- 
omy model for use with an external discriminator. 


AN-545 Television Video IF Amplifier Using Integrated 


Circuits — 

This applications note considers the require- 
ments of the video IF amplifier section of a television 
receiver, and gives working circuit schematics using 
integrated circuits which have been specifically de- 
signed for consumer oriented products. The inte- 
grated ‘circuits. used are. the MC1350, MC1352, 
MC1353 and the MC1330. 


AN-547 A High-Speed Dual Differential Comparator, 


The MC1514 

.This application note discusses a few of the 
many uses for the MC1514 dual comparator. Many 
applications such as sense amplifiers, multivibrators, 
and peak level detectors are presented. 


’ AN-553 A New Generation of tntagrates Avionic 


Synthesizers 

The need to generate signals of a multitude of 
different frequencies for avionic systems has resulted 
in complex solutions in the past. With the intro- 
duction of certain standard product integrated cir- 
cuits, frequency synthesis using digital phase locked 
loop techniques presents 4 more practical solution. 
Several different types of servo phase locked loop 
systems are discussed and a practical design example 


is given. Results of design examples are presented © 


along with possible applications. 


AN-557 = Analog-to-Digitat Cyclic Converter 


The A/D cyclic converter discussed in this note 
_ provides medium speed (1-5us/ bit) and medium 
accuracy. (7 or 8 bits) operation. A Cyclic converter 
uses the successive approximation technique in which 
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an unknown analog input voltage is. successively 
compared to a reference voltage to determine each bit 
of the digital output. 


AN-559 Simple RAMP A/D Converter 


A simple single ramp A/D. converter which 


‘ incorporates a calibration cycle to insure an accuracy 


of 12 bits is discussed. The circuit uses standard ICs 
and requires only one precision part—the reference 
voltage used in the calibration. This converter is 
useful in a number of instrumentation and measure- 
ment applications. 


AN-564 An ADF Frequency Synthesizer Utilizing Phase 


Locked-Loop.Integrated Circuits 

This application note describes an IC phase 
locked-loop frequency synthesizer suitable for the 
local osciallator function in aircraft Automatic Di- 
rection Finder (ADF) equipment. 


—AN-587 Analysis and Design of the Op 


Amp Current Source 

A voltage controlled current source utilizing an 
operational amplifier is discussed. Expressions for the 
transfer function and output impedances are de- 
veloped using both the ideal and non-ideal op amp 
models. A section on analysis of the effects of op 
amp parameters and temperature variations on circuit | 
performance is presented. 


AN-588 A20 kHz, 1kW Line Operated Inverter 


This report describes a 1 kilowatt ultrasonic 
inverter for use in 208-volt, line-operated, computer - 
main-frame power supply systems. This particular 
design has an output enly ot 5 Volts at 200 
Amperes. 


’ AN-589 Generate Custom Waveforms Digitally 


A method of generating custom waveforms. 
using IC counters, a read-only memory, and a new 
monolithic D/A Converter is described. Performance 
of a prototype model is as as well as possible 
applications. 


AN-590 — Servo Motor Drive Amplifiers 


The design of transformerless, AC servo ampli- 
fiers using power darlington transistors and IC op 
amps are discussed. Two types of power amplifiers 
are illustrated, one using single +28 Volt power supply, 
the second using high voltage transistors in comple- 
mentary configuration for operating directly off the 
line. ; 

Four different op amp preamplifiers and 90 
phase shifters are also described. 


AN-594 =A Frequency Synthesizer for Aircraft . 


Automatic Direction Finding Systems 
This report describes a phase locked loop 
frequency synthesizer suitable as the local oscillator - 


- in an ADF system. The synthesizer is designed for 


receivers using a 455 kHz IF system. Motorola 
application note AN-564 describes a similar system 
for receivers using a 10.7 MHz IF. 


‘AN-597 Power Control Using the Zero Voltage Switch 


This application note discusses the advantages of 
‘zero-voltage, switching using the Motorola MFC8070. 
A temperature control circuit is shown which demon- 
strates the design flexibility of CMOS and optical- 
coupler combinations. - 


AN-599 Mounting Techniques For Metal Packaged Power 


Semiconductors 

For cooler, more reliable, operation, proper 
mounting procedures must be followed if the interface 
thermal resistance between the semiconductor package 
and heat sink is to be minimized. Discussed are aspects 
of preparing the mounting surface, using thermal com- 
pounds, and fastening techniques. Typical interface 
thermal resistance is given for a number of packages. 


AN-702 High Speed Digital-To- Analog and Analog-To- 


Digital Techniques 

A brief overview of some of the more popular 
techniques for accomplishing D/A and A/D tech- 
niques. In particular those techniques which lead 
themselves to high speed conversion. 


AN-703 Designing Digitally-Controlled Power Supplies 


This application note shows two design ap- 


proaches; a basic low voltage supply using an in- 
expensive MC1723 voltage regulator and a high 
current, high voltage, supply using the MC1466 float- 
' ing regulator with optoelectronic isolation. Various 
circuit options are shown to allow the designer 
maximum flexibility in any application. © 


AN-705 Pulse Width Modulation for Smatl DC Motor 


Control 
This application note explains the use of modern 
pulse width modulation techniques as an efficient and 
’ economical solution to small DC motor control. 
Several practical circuit design approaches using dis- 
crete, operational amplifier and integrated circuit de- 
vices are described and illustrated. 


AN-710 Communication System Transmission Losses 


This report shows the derivation of the equa- 
tions used to calculate the insertion loss associated 
with various component parts of a communications 
channel. The combinations of components form a 
system whose overall loss may not be equal to the 
sum of the losses of the various pate 


AN-711 = The Recovery of Recorded Digital Information 


in Drum, Disk and Tape Systems 

The use of magnetic recording techniques has 
long been an important means of sorting digital infor- 
mation, as evidenced by the wide variety of equipment 
currently in use. Representative systems utilize drums, 
disks and tape as the recording medium. 

All three techniques share the common problem 
of recovering the recorded digital. information. The 
analog signal obtained by passing the recording medi- 
um by a magnetic sensor (Read Head) must be con- 


- verted to a suitable digital format. 


This application note reviews the general prebien 
and discusses a number of specific circuit approaches. 
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AN-713 Binary D/A Converters can Provide BCD-Coded 


Conversion 

This note describes the application and use of 
integrated circuit D/A converters for use in providing 
a BCD-coded conversion. The: technique is illustrated 
using a 2-1/2 digit digital voltmeter. 


AN-714 A Personalized Heart-Rate Monitor with Digital 


Readout 

Using the micropower operational amplifier 
MC1776 and CMOS digital integrated circuits, entirely 
self-contained portable electro-medical monitoring 
equipment can be built. This note details the con- 
struction of a heart-rate monitor giving a digital indi- 
cation, beat-by-beat. 


AN-716 A/D Conversion Series — Part V 


Successive Approximation A/D Conversion 

Recent advances in integrated circuit design 
and technology have resulted in reduced cost of high 
performance successive approximation analog to digital 
converters. This note describes and illustrates two 
examples of how modern IC components have changed 
this well known technique. 


AN-717 - Battery Powered 5-MHz Frequency Counter 


This application note describes a battery-power- 
ed 5-MHz frequency counter using the McMOS logic 
family for low-power operation. The basic counter 
is optimized, at a 12-volt supply for maximum per- 
formance with a linear input-signal conditioner. Sev- 
eral options are discussed which optimize the basic 


- counter for minimum power dissipation. These op- 


tions include a CMOS input signal-conditioner ‘and 
multiplexed LED aspys. 


AN-719 A New ipeteadh to Switching Regulators 


This article describes a 24-Volt, 3-Ampere | 
switching mode supply. It operates at 20 kHz from 
a 120 Vac line with an overall efficiency of 70%. New 
techniques are used to shape the load line. The con- 
trol portion uses a quad comparator and an opto 
coupler and features short circuit protection. 


AN-720- Interfacing with MECL 10,000 


This article describes some of the MECL cir- 
cuits used to interface with signals not meeting MECL 
input or output requirements. The characteristics of 
these circuits such as; input impedance, output drive, 
gain, and bandwidth allow the system designer to use 
these parts to optimize his system. MECL interface 
circuits overcome a problem area of many system 
designs, which is the efficient coupling on non-com- 
patible signals. 


. AN-732A A Non-Volatile Microprocessor Memory Using 


4K N-Channel MOS RAMs 

NMOS semiconductor technology has made 
inroads into high density/high performance circuit 
design. The one-chip microprocessor, Random Access 
Memories, and Read Only Memories, are changing 
system implementation from random logic designs to 
software and firmware programmable microcomputing 
systems. Such systems frequently require relatively — 


large amounts of memory. 

This paper describes the design of an 8192-byte 
non-volatile Random Access Memory system using 
the MCM6605 4K x.1 RAM. The-system is designed 
to work with the Motorola MC6800, an a bit micro- 
processor. c 


‘AN-737 Switched Mode Power Supplies - ~ Highlighting 


A 5-V, 40-A Inverter Design 

’ This application note identifies the features of 
’ various regulator circuits that are in use today in AC 
to. DC power supplies. The note also illustrates how 
these circuits may be used as complementary building 
blocks iri a system design. Primary emphasis is on 
switched mode regulators because they fill the present 
need for energy and space savings. 

A complete 5-V, 40-A line operated inverter 
supply is described in detail including design pro- 
cedures for the magnetic components. The inverter 
itself is a “state-of-the-art” design which features 
CMOS logic, high voltage power transistors, Schottky 
rectifiers and an opto-electronic coupler. It operates 
with a full load efficiency of 80%at a frequency of 
20 kHz. 


AN-739 —_ A Synthetic Spectrum Tuning System for TV 


A .tuning system. is described which uses ‘a 
complete spectrum of TV channel markers to achieve 
precise tuning to any channel. 


AN-741 Interface Considerations for Numeric Display . 


Systems 

This application note describes several meth- 
ods of multiplexing multi-digit, seven-segment dis- 
plays. The logic devices illustrated are primarily 
CMOS with two examples describing TTL. The 
displays discussed are liquid crystal, LED, gas dis- 
charge, incandescent and fluorescent. How to inter- 
face between the logic and these displays, and 


- what the interface considerations are, are described: 


in detail. 


AN-744 A Phase-Locked Loop Tuning System for . 


Television 

‘This note describes a frequency. domain tun- 
ing system which utilizes direct digital countdown 
of the varactor tuner’s local oscillator to obtain the 
. proper local oscillator frequency for the channel 
number selected. The system features direct chan- 
nel access with equal ease of tuning. and an exact 
channel readout for all VHF and.UHF channels. 


_AN-746 A 3% Digit DVM Using an Integrated Cir. 


cuit Dual Ramp System 
This application note describes the design of 


' a. 3¥%-digit DVM (digital voltmeter) using the 


MC1405 and the MC14435 dual ramp A/D system. 
' The performance criteria is that of a lab quality 
DVM with both 3%-digit resolution and accuracy 


while still retaining a low cost and low parts count | 


instrument. Features of the DVM include circuitry 
for a high impedance input, autopolarity and over- 
range indication. 
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{ AN-748 . Applications of MC1405/MC14435 In Dig! . 


Meters 

The MC1405/MC14435 two thie dual slope 
Anaioste: -Digital ‘system is discussed in detail with 
emphasis on their use in digital metering applications. 
Front end filter/buffers are presented and auto- 
polarity circuits are included. Display interfaces 
for LED, LCD and gas discharge are shown in three 
different DVM designs. This application note is 
intended to provide the designer with a complete 
applications reference for the ME1405/MC14435 
in DVM systems. 


AN-751 A Disassociated Intercarrier Television Video 


IF Amplifier 

This application note discusses a unique video 
IF system, incorporating the MC1331, low-level 
multiplier detector. Problem areas in IF design are 
discussed and the. specific solutions are shown. 


AN-752 An 80-Watt Switching Regulator for CATV 


and Industrial Applications 

This application note describes a 24-Volt, 3: 
Ampere switching, regulated power supply that 
operates above 18 kHz from a 40-to 60-Volt, 60-Hz. 
square wave source (CATV power line from a ferrore- 
sonant transformer) or a dc standby source with 
input output isolation. The control circuit consists 
of a dual operational amplifier and a linear integrated 
circuit timer which are used to vary the on time of a 
new high-speed power transistor. The circuit provides 
good efficiency, good regulation, low output ripple 
and incorporates input and output voltage over shut- 
down protection. 


AN-757_ ~— Analog-to-Digital Conversion Techniques with 


the MC6800 Microprocessor System 

This application note describes several analog- 
to-digital conversion. systems implemented with the 
M6800 microprocessor and external linear and digital 
IC’s. Systems consisting of an 8- and 10-bit. successive 
approximation approach, as well as dual ramp 
techniques of 3%-and 4%-digit BCD and 12-bit binary, © 
are shown with flow diagrams, source programs and 
hardware schematics. System tradeoffs of the various 
schemes and programs for binary-to-BCD and BCD- 
to-7 segment code are discussed. 


The operation and application of the MC3416 
4 x 4 balanced crosspoint’ switch is described in. 
detail. Special emphasis is given to balanced switching 
systems like those in space division PABX. Discussion 
of the total system design using the MC3416 is also 


included. 


AN-761 


This note describes video amplifier design con- 
siderations for unitized gun and conventional picture 
tubes. Some unique design techniques: are discussed 


taking advantage of Motorola’s MC 1323 chroma de- 
modulator. Finally, design objectives of video amp-— 


lifiers are discussed. 


~AN-763 


receiver display tube phosphor primaries are used. 


The unique design allows independent adjustment of 


demodulator conversion gains and demodulation axes. 


EB-13 Switching Regulators 
Head ‘Em Off At The Series Pass 
In EB-13, you'll find a switching regulator 
. design. From a line which can fluctuate from 100 
to 140 Vac, it’s capable of providing a regulated 
24 Vdc to a load varying from 1.5 to 3.0 amperes. 
EB-14 Simple Linear Voltage Sweep 
Uses The MC 1555 Timer 
EB-14 shows how the MC1555 timer can be 
used with five simple external components to 
make a linear voltage sweep useful in ramp, deflec- 
tion and function generator designs. 
EB-20° Multiplier/Op Amp Circuit Datects True 
RMS 
Two op amps and two multipliers are used 
in the circuit described by EB-20 to obtain the 
true rms of an input voltage ranging from 2 to 
10 Vpk. 


EB-21 DAC Key To, Inexpensive 2-2/3 Digit 
Voltmeter 
EB-21 presents an idea for the core of an 
economical 2-2/3 digit voltmeter. Built around 
Motorola’s MC 1408 8-bit D/A converter, the meter 
can measure to 2.55 V in 10 mV steps. - 
EB-24 Input Buffer Circuits For The MC 1505 
Dual Ramp A-to-D Converter Subsystem 
Several bipolar op amp buffers of medium- 
high impedance are described in this bulletin. It 
also discusses FET input op amp buffers providing 
~ high impedance and temperature drift under 1 mV 
over the O°C to 50°C range. 
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The MC1323 is'a monolithic integrated circuit 
demodulator specifically designed for decoding the: — 
’ NTSC color television signal, even when non-standard - 


- EB-36 


This note describes the circuit operation of the 

-MC1323 and several applications including low cost 
driving of unitized gun picture tubes and obtaining 
R-G-B demodulated outputs. 


AN-765 
This note describes a technique of measurement 
of the IF contribution and ways of minimization of 
the IF noise. An IF design, following these pro- 
cedures, is described to meet the desired noise per- 
formance. 


i 


ineering ulletin ABSTRACTS 


Autopolarity Circuits For The MC1405 
Dual-Slope A/D Converter System ' 
Engineering Bulletin EB-35 provides three 
input stage designs, each of which will provide the . 
autopolarity function for the unipolar MC1405 
A/D converter subsystem. 


EB-35 


4-1/2 Digit DVM System Using The 

MC1505 Dual-Slope Converter 

The circuits required for implementing a 
4-1/2 digit DVM based on the MC1505 dual slope 
A-to-D converter are presented in EB-36. With this 
design, a 4-1/2 digit accurate system with excellent 
environmental stability is possible. 

EB-43 A 9- 1/2 Digit Gas Discharge Display System 

With Leading Zero Suppression 

The 9-1/2 digit multiplexed gas discharge 

display system described in EB-43 was designed for 

use in a 1.2 GHz frequency counter. The display © 

system features leading zero blanking and constant 

current segment drives. Its logic supply is +5 V. 


Build This Simple, Battery-Powered 

3-1/2 Digit DVM From Standard Parts 

EB-50 describes a simple, battery-powered 
3-1/2 digit DVM capable of measuring up to 20 
volts that can be built from readily obtained stan- 
dard parts. Sufficient information is provided to- ~ 
construct the circuit including schematic, PC board 
layout, parts list and calibration instructions. 
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ENGINEERING BULLETIN ABSTRACTS (continued) 


EB-51 


Successive Approximation BCD A/D Converter 
A successive approximation A/D converter in 


which a digital-to-analog converter in a feedback 


EB-52 


EB-55 


loop produces a BCD digital output from an analog 
input is described in EB-51. 


Control Your Switching Regulator With The 

MC3380 Astable Multivibrator 

Engineering Bulletin EB-52 describes the 
operation and characteristics of the MC3380 
astable multivibrator and details the design of a 
200 volt switching regulator circuit for gas dis- 
charge displays using this device as the control 
element. 


Battery-Powered 3-1/2 Digit Multimeter 

Using the information provided in EB-55, a 
battery-powered 3-1/2 digit multimeter can be 
built and packaged in a pocket calculator case. The 


_ bulletin discusses the theory of design and des- 


EB-57 


cribes the basic meter, buffer and autopolarity 
circuit, multimeter functions, choice of batteries 
and packaging in detail. Layouts for the two PC 
boards, a complete parts list and calibration pro- 
cedures are also given. 


An Economical FM Transmitter Voice 
Processor from a Single IC 

An MC3401 Quad OP-Amp is used as a 
Microphone/Modulation interface in an FM trans- 
mitter. 
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EB-58. 


EB-64 


Analog Data Acquisition Network for Digital 
Processing Using the MC1405-MC14435 A/D 
System 

An MC1405-MC 14435 soi biRREGH is 5 used 


to form a dual-slope A/D converter for analog data 


acquisition. 


Bus Transceivers For The General Purpose 
Interface Bus (GPIB) _ 

This bulletin discusses the use of the MC3440, 
41,43, and 46 general purpose interface bus (GPIB) 


- transceivers. Also included are an introduction to 


the GPIB, a description of the hardware required — 
for a GPIB-equipped instrument, GPIB bus electri- . 
cal characteristics, and the IEEE 488 standard for 
GPIB: 


Switchmode Power Supply 

This bulletin describes a line-operated 5 V, 
50 A, 20 kHz switching power supply intended for 
use as a logic supply in computer and industrial 
applications. It has a constant current limiting, 
inrush surge current limiting, and a soft-start feature 
to prevent output voltage overshoots during start-up. 
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